Description 

IRIS IMAGE PICKUP CAMERA AND IRIS AUTHENTICATION SYSTEM 

Technical Field 

[0001] 

The present invention relates to an iris image pickup 
camera that takes an iris image of a person for authentication 
of an iris, and particularly relates to an iris image pickup 
camera for taking an object image with a high focusing level. 
Background Art 
[0002] 

An iris authentication system is a system that performs 
authentication of an iris by generating image data of an iris 
image by taking an iris image of a person using an iris image 
pickup camera, and determining whether the iris image is 
corresponding to an iris image of a person that has been 
registered or not using the image data of the iris image. 
[0003] 

For example, the iris authentication system is used for 

an in/out room management system. In the in/out room 
management system, an iris image pickup camera is set near a 
door, and a person to be authenticated is subjected to imaging 
of an iris by the iris image pickup camera when the person goes 
in or out of the room. The in/out room management system 
extracts a portion of the iris from image data obtained by 
taking the iris image, and performs authentication by comparing 
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the iris image with an iris image of a registrant that has been 
stored. When the person to be authenticated is authenticated 
as the registrant, the in/out room management system unlocks 
or locks a door. 
[0004] 

As a camera for use in the iris authentication system, 
an iris image pickup camera having an automatic focusing 
function or an automatic zoom function is known. The iris image 
pickup camera has a lens group including a zoom lens and a 
focusing lens and a lens drive mechanism for changing 
arrangement of the lens group. The iris image of the person 
to be authenticated is taken in such a way that the lens drive 
mechanism is actuated by a control circuit, thereby the iris 
of the person is focused, and an image of the iris portion has 
a predetermined size (for example, refer to JP-A-2002-94865) . 
[0005] 

As above, the iris image pickup camera in the related 
art is configured in a way that it has the automatic focusing 
function and the automatic zoom function, and takes the iris 
image in which the iris is focused, and the image of the iris 
portion has the predetermined size. 
[0006] 

As an iris image pickup camera that takes an iris image 
with a high focusing level without using the automatic focusing 
function, an iris image pickup camera is known, which has lead 
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guidance capability that measures a distance to the person to 
be authenticated, and leads a person to be imaged such that 
the iris is situated in a focusing position based on difference 
between a distance to the focusing position and a distance to 
the person (for example, refer to JP-A-2003-141517 ) . 
Disclosure of the Invention 
[0007] 

However, in the iris image pickup camera having the 
automatic focusing function and the automatic zoom function 
in the related art, there has been a difficulty that the zoom 
lens, lens drive mechanism and control circuit for controlling 
the mechanism are necessary, which makes a mechanism and a 
circuit to be complicated. Moreover, in the case of taking 
an iris image promptly, there has been a difficulty that much 
time is required for focusing by the automatic focusing 
function and for adjusting size of the iris image by the 
automatic zoom function. 
[0008] 

Moreover, even in the iris image pickup camera having 
the lead guidance capability in the related art, there has been 
a difficulty that a ranging sensor for measuring the distance 

to the person to be imaged is necessary for leading the person, 
which makes the circuit to be complicated similarly as above. 
[0009] 

The invention, which was made to solve the difficulties 
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in the related art, aims to provide an iris image pickup camera 
that can promptly take an iris image in focus for iris 
authentication without the mechanism and the circuit being 
complicated. 
[0010] 

The iris image pickup camera of the invention includes 
imaging optical means that has a common light axis in a region 
where the iris is situated, and a plurality of branch light 
axes branched from the common light axis, and has a plurality 
of focusing ranges different from one another on the common 
light axis for each of a plurality of branch light paths, and 
imaging means for taking image data of a plurality of iris 
images formed through the plurality of branch light paths. 
[0011] 

According to such a configuration, the imaging optical 

means has the focusing ranges different from one another on 
the common light axis, and if the iris is situated in one of 
the plurality of focusing ranges, a focused iris image can be 
obtained, therefore an iris image pickup camera can be provided, 
which promptly provides an iris image in focus in a wide range 
of a distance to the iris in a simple configuration without 
having the automatic zoom function or the automatic focusing 
function . 
[0012] 

In the iris image pickup camera of the invention, the 
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imaging optical means is configured such that the plurality 
of focusing ranges are adjacent to one another, and when the 
iris is situated in all regions of the plurality of focusing 
ranges, an iris image having a size suitable for iris 
authentication is obtained. 
[0013] 

According to the configuration, the imaging optical 
means is configured such that the plurality of focusing ranges 
are adjacent to one another, and when the iris is situated in 
all the regions of the plurality of focusing ranges, the iris 
image having the size suitable for iris authentication is 
obtained, therefore an image that is in focus in all the regions 
of the plurality of focusing ranges and has the size suitable 
for iris authentication can be promptly obtained. The case 
that the plurality of the focusing ranges are adjacent to one 
another includes a case that the plurality of focusing ranges 
are displaced from each together with overlapped areas, a case 
that they are continued, and a case that they are separated 
from each together with a slight gap. 
[0014] 

In the iris image pickup camera of the invention, the 

imaging optical means has a junction of the branch light axes 
where the plurality of branch light axes join together, and 
the imaging means has an imaging element that takes image data 
of an iris image formed through the plurality of branch light 
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paths in the junction of the branch light axes. 
[0015] 

According to the configuration, since the plurality of 
branch light axes join together on this side of the imaging 
element, the imaging element need not be provided for each of 
the plurality of branch light paths. 
[0016] 

Moreover, the iris image pickup camera of the invention 
includes shield means for selectively shielding the plurality 
of branch light paths. 
[0017] 

According to the configuration, since the shield means 
selectively shields the plurality of branch light paths, the 
iris image is formed through a branch light path other than 
a branch light path shielded by the shield means, and the image 
data of the iris image are taken by the imaging means. 
[0018] 

Moreover, the iris image pickup camera of the invention 

includes a mirror which is held in a manner that a direction 
of a reflective surface can be changed, and forms an iris image 
through one of the plurality of branch light paths by changing 
the direction of the reflective surface. 
[0019] 

According to the configuration, since the iris image is 
formed through one of the branch light paths by changing the 
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direction of the reflective surface, the iris image can be 
formed by selectively using one of the plurality of branch light 
paths . 
[0020] 

Moreover, in the iris image pickup camera of the 
invention, the imaging means has a plurality of imaging 
elements that are disposed on the plurality of branch light 
axes, and take image data of a plurality of iris images formed 
through the plurality of branch light paths. 
[0021] 

According to the configuration, since the imaging 
elements are provided on the plurality of branch light axes 
respectively, image data of the iris image formed through each 
of the branch light paths can be obtained for each of the imaging 
elements . 
[0022] 

Moreover, in the iris image pickup camera of the 
invention, the imaging means has an imaging element that takes 
image data of the plurality of iris images formed through the 
plurality of branch light paths, and the imaging optical means 
is configured such that the plurality of iris images are 
projected to different regions in the imaging element. 
[0023] 

According to the configuration, since an iris image 
formed through each of the plurality of branch light paths is 
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included in one of the regions of the image data, an iris image 
in focus can be obtained from one of the regions of the image 
data . 
[0024] 

Furthermore, an iris imaging system of the invention 
includes iris authentication means that performs 
authentication of an iris using the iris image pickup camera 
and the image data of the iris image. 
[0025] 

According to the configuration, image data of a clear 
iris image in focus can be promptly obtained, and thus 
authentication of an iris can be performed more accurately by 
the iris authentication means. 
[0026] 

The camera of the invention includes image acquisition 

means that acquires object images taken in a plurality of 
imaging modes having different focusing level characteristics 
to an object, and distance determination means that determines 
a distance to the object based on difference in focusing level 
between the object images taken in the plurality of imaging 
modes . 
[0027] 

According to the configuration, since the distance to 
the object is determined based on difference in focusing level 
between the object images taken in the plurality of imaging 
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modes having different focusing level characteristics, an 
object image with a high focusing level can be taken using the 
determined distance. 
[0028] 

Moreover, the camera of the invention includes imaging 
optical means that has a common light axis in a region where 
the object is situated, and has a plurality of branch light 
axes branched from the common light axis, and has a plurality 
of focusing ranges different from one another on the common 
axis for each of branch light paths of the plurality of branch 
light axes. The plurality of imaging modes are imaging modes 
in which an object image is formed through the plurality of 
branch light paths, so that the object image is taken. 
[0029] 

According to the configuration, since the imaging 

optical means has the focusing ranges different from one 
another on the common axis, as long as the object is situated 
in one of the plurality of focusing ranges, an object image 
in focus can be obtained, and an object image in focus can be 
obtained in a wide range of the distance to the object. 
[0030] 

Moreover, the iris image pickup camera of the invention 
includes iris image acquisition means that acquires iris images 
taken in a plurality of imaging modes having different focusing 
level characteristics to an iris, and lead means that leads 
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a person to be imaged such that the iris is in at least one 
of the plurality of focusing ranges, each of which is 
corresponding to each of the focusing level characteristics 
of the plurality of imaging modes, based on difference in 
focusing level between the iris images acquired in the 
plurality of imaging modes. 
[0031] 

According to the configuration, since the person to be 
imaged is led such that the iris is in at least one of the 
plurality of focusing ranges based on the difference in 
focusing level between the plurality of iris images acquired 
in the plurality of imaging modes having the different focusing 
level characteristics to the iris, an iris image with the high 
focusing level can be obtained. 
[0032] 

Furthermore, in the iris image pickup camera of the 
invention, the plurality of focusing ranges are adjacently 
displaced in a back and forth direction. When a focusing level 
of a first iris image taken in an imaging mode corresponding 
to a focusing range on this side of the relevant device, which 
is an area where the iris is not situated in any of the plurality 
of focusing ranges, is higher than a focusing level of a second 
iris image taken in an imaging mode corresponding to a focusing 
range at a back side, the leading means leads the person to 
be imaged to be distanced from the device, and when the focusing 
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level of the second iris image is higher than the focusing level 
of the first iris image, it leads the person to be closer to 
the device. 
[0033] 

According to the configuration, the person to be imaged 
is led to be distanced from or closer to the device based on 
difference in focusing level between the plurality of iris 
images taken in the plurality of imaging modes, and 
consequently the person can be led to be in at least one of 
the plurality of focusing ranges. The plurality of focusing 
ranges adjacently displaced in the back and forth direction 
may be overlapped or ,may not be overlapped with one another. 
[0034] 

Furthermore, in the iris image pickup camera of the 
invention, the lead means leads the person to be imaged using 
at least one of display and voice. 

[0035] 

According to the configuration, the person to be imaged 
can be led by lead guidance using at least one of display and 
voice . 

Brief Description of the Drawings 
[0036] 

Fig . 1 is a block diagram of an iris authentication system 
of a first embodiment of the invention; 

Fig. 2 is a view for illustrating a level of displacement 
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between focusing ranges in the first embodiment of the 
invention; 

Fig. 3A is a view for illustrating image magnification 
of an iris image in the first embodiment of the invention; 

Fig. 3B is a view showing an iris image when an iris is 
situated in the most distant end of a focusing range in the 
first embodiment of the invention; 

Fig. 3C is a view showing an iris image when the iris 
is situated in the nearest end of the focusing range in the 
first embodiment of the invention; 

Fig. 4 is a flowchart for illustrating operation of the 
iris authentication system of the first embodiment of the 
invention; 

Fig. 5 is a block diagram of an iris authentication system 
of a second embodiment of the invention; 

Fig. 6 is another block diagram of the iris 
authentication system of the second embodiment of the 
invention; 

Fig. 7 is a flowchart for illustrating operation of the 
iris authentication system of the second embodiment of the 
invention; 

Fig. 8 is a block diagram of an iris authentication system 
of a third embodiment of the invention; 

Fig. 9 is a flowchart for illustrating operation of the 
iris authentication system of the third embodiment of the 
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invention; 

Fig. 10 is a block diagram of an iris authentication 
system of a fourth embodiment of the invention; 

Fig. 11 is a flowchart for illustrating operation of the 
iris authentication system of the fourth embodiment of the 
invention; 

Fig. 12 is a block diagram of an iris authentication 
system of a fifth embodiment of the invention; 

Fig. 13 is a view showing image data generated in the 
iris authentication system of the fifth embodiment of the 
invention; 

Fig. 14 is a flowchart for illustrating operation of the 
iris authentication system of the fifth embodiment of the 
invention; 

Fig. 15 is a block diagram of an iris authentication 
device of a sixth embodiment of the invention; 

Fig. 16 is a block diagram of an iris authentication 
system of a seventh embodiment of the invention; 

Fig. 17 is a view showing focusing level characteristics 
of first and second imaging modes in the seventh embodiment 
of the invention; 

Fig. 18 is a block diagram of a lead guidance section 
in the seventh embodiment of the invention; 

Fig. 19 is a flowchart for illustrating operation of the 
iris authentication system of the seventh embodiment of the 
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invention; 

Fig. 20 is a block diagram of an iris authentication 
system of an eighth embodiment of the invention; 

Fig. 21 is another block diagram of the iris 
authentication system of the eighth embodiment of the 
invention; 

Fig. 22 is a block diagram of an iris authentication 
system of a ninth embodiment of the invention; 

Fig. 23 is a flowchart for illustrating operation of the 
iris authentication system of the ninth embodiment of the 
invention; 

Fig. 24 is a block diagram of an iris authentication 
system of a tenth embodiment of the invention; 

Fig. 25 is a block diagram of an iris authentication 
system of an eleventh embodiment of the invention; and 

Fig. 26 is a flowchart for illustrating operation of the 
iris authentication system of the eleventh embodiment of the 
invention . 

Best Mode for Carrying Out the Invention 

[0037] 

Hereinafter, an iris image pickup camera of an embodiment 

of the invention and an iris authentication system having the 

camera will be described using drawings. 

[0038] 

(First Embodiment) 
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An iris authentication system of a first embodiment of 
the invention is shown in Fig. 1. In Fig. 1, an iris 
authentication system 1 includes an iris image pickup camera 
100 and an iris authentication device 60. The iris 
authentication camera 100 includes an imaging optical system 
110, an imaging element 12, an image processing section 13, 
shielding plates 14 and 15, and a switching section 16. The 
imaging optical system 110 is configured by two half mirrors 
111 and 112, two mirrors 113 and 114, and a lens group 115. 
The lens group 115 is a group of fixed focal length lenses in 
which each lens is fixed. The lens group 115 has a focusing 
range having a depth of L. 
[0039] 

The half mirrors 111, 112 are disposed on an extension 
of a light axis of the lens group 115. The half mirror 111 

is held in such a direction that part of injected light from 
an object side is reflected downward, and the half mirror 112 
is held in such a direction that part of injected light from 
a lower side is reflected to the lens group 115. 
[0040] 

The mirror 113 is disposed in a position where the 

reflected light from the half mirror 111 is injected, that is, 
below the half mirror 111, and held in such a direction that 
the reflected light from the half mirror 111 is reflected in 
a direction parallel to the light axis of the lens group 115. 
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The mirror 114 is disposed in a position where light reflected 
by the half mirror 111 and the mirror 113 is injected, that 
is, in a position in the same height as that of the mirror 113, 
and held in such a direction that reflected light from the 
mirror 113 is reflected upward. 
[0041] 

In a configuration as above, in the imaging optical 
system 110, the half mirror 111, half mirror 112 and lens group 
115 configure a first branch optical system, and the half mirror 
111, mirror 113, mirror 114, half mirror 112 and lens group 
115 configure a second branch optical system. Hereinafter, 
light axes of first and second branch optical systems are called 
first and second branch light axes . The imaging optical system 
110 has a common light axis in a region where an obj act is present, 
that is, in the outside of the iris image pickup camera 1, and 
the common light axis is branched into first and second branch 
light axes at the half mirror 111 as a branch point. The first 
and second branch light axes join together at the half mirror 
112 as a junction (junction of the branch light axes) . 
Hereinafter, light paths along the first and second branch 
light axes are called first and second branch light paths. 
[0042] 

The first branch optical system is configured such that 
light from an iris situated on the common light axis is focused 
on an imaging surface of the imaging element 12 through the 
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first branch light path along which the light is transmitted 
through the half mirror 111 and the half mirror 112, and then 
injected into the lens group 115. The second branch optical 
system is configured such that the light from the iris situated 
on the common light axis is focused on the imaging surface of 
the imaging element 12 through the second branch light path 
along which the light is reflected by the half mirror 111, 
mirror 113, mirror 114, and half mirror 112 in turn, and then 
injected into the lens group 115. 
[0043] 

In this way, since the first and second branch light paths 
are different in length, a focusing range 17 in the case that 
light from the iris as an object passes through the first branch 
light path, and a focusing range 18 in the case that light from 
the iris passes through the second branch light path are 
displaced from each other on the common light axis. 
[0044] 

Fig. 2 is a view for illustrating a level of displacement 

between the focusing ranges . When it is assumed that a distance 
from the half mirror 111 to the half mirror 112 is LI, a distance 
from the half mirror 111 to the mirror 113 is L2, a distance 
from the mirror 113 to the mirror 114 is L3, and a distance 
from the mirror 114 to the half mirror 112 is L4, difference 
Ld in light path length between the first and second branch 
light paths is given by. 
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Ld=(L2+L3+L4)-Ll. 
The difference Ld is the level of displacement on the common 

light axis between the focusing range 17 of the first branch 
light path and the focusing range 18 of the second branch light 
path. 
[0045] 

In the embodiment, the first and second branch optical 
systems are configured such that the difference Ld in light 
path length is smaller than depth L of each of the focusing 
ranges. Therefore, the two focusing ranges are overlapped 
with each other by a length of (L-Ld) . Thus, depth LO of an 
expanded focusing range combining the focusing range 17 of the 
first branch light path and the focusing range 18 of the second 
branch light path is given by, 

L0=L+Ld=L+L2+L3+L4-Ll . 
Therefore, if the iris as the object is situated within the 
expanded focusing range having a depth of LO, an iris image 
that has been focused through at least one of the light paths 
is formed on the imaging surface of the imaging element 12. 
[0046] 

Moreover, in the embodiment, the depth L of the focusing 

range is set such that an iris image within the range has a 
predetermined size suitable for iris authentication. 
[0047] 

Figs . 3A to 3C are views for illustrating image 
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magnification (image size) of an iris image formed by the lens 
group 115. As shown in Fig. 3A, L5, L6, al, a2, bl and b2 are 
defined as follows . 

L5: an imaging distance from the imaging surface to the 
center of the focusing range 17 of the first branch light path; 

L6: an imaging distance from the imaging surface to the 
center of the focusing range 18 of the second branch light path; 

al : an imaging distance from the imaging surface to the 
most distant end of the focusing range 17 of the first branch 
light path; 

a2 : an imaging distance from the imaging surface to the 
most distant end of the focusing range 18 of the second branch 
light path; 

bl : an imaging distance from the imaging surface to the 
nearest end of the focusing range 17 of the first branch light 
path; and 

b2 : an imaging distance from the imaging surface to the 
nearest end of the focusing range 18 of the second branch light 
path . 
[0048] 

When the iris as the object is situated in the imaging 

distance al from the imaging surface, if size of the iris image 
formed on the imaging surface through the first branch light 
path is assumed to be A (refer to Fig. 3B) , when the iris is 
situated at the imaging distance L5 from the imaging surface. 
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the size of the iris image formed on the imaging surface through 
the first branch light path is given by Ax(al/L5), and when 
the iris is situated at the imaging distance bl from the imaging 
surface, the size B of the iris image formed on the imaging 
surface through the first branch light path is given by 
B=Ax (al/bl) . (refer to Fig.3C.) 
[0049] 

In this way, when size of the iris image of the iris in 
the most distant end of the focusing range 17 of the first branch 
light path is used as reference, the size of the iris image 
ranges from the same size as the reference size to al/bl times 
as large as the reference size within the focusing range 17 
of the first branch light path. The al and bl are set such 
that the size of the iris image is suitable for authentication 
processing as described later. These values are set in design 
of the lens group 115. 
[0050] 

In the embodiment, since a lens is not included in the 

first and second branch light paths, the imaging distance L5 
from the imaging surface to the center of the focusing range 

17 of the first branch light path and the imaging distance L6 
from the imaging surface to the center of the focusing range 

18 of the second branch light path, the imaging distance al 
from the imaging surface to the most distant end of the focusing 
range 17 of the first branch light path and the imaging distance 
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a2 from the imaging surface to the most distant end of the 
focusing range 18 of the second branch light path, and the 
imaging distance bl from the imaging surface to the nearest 
end of the focusing range 17 of the first branch light path 
and the imaging distance b2 from the imaging surface to the 
nearest end of the focusing range 18 of the second branch light 
path are the same, respectively. That is, L5=L6, al=a2, and 
bl=b2 are given. 
[0051] 

Therefore, when the size of the iris image formed on the 
imaging surface through the first branch light path is assumed 
to be A (refer to Fig. 3B) ; in the case that the iris is situated 
at an imaging distance a2 from the imaging surface, the size 
of the iris image formed on the imaging surface through the 
second branch light path is A; in the case that the iris is 
situated at an imaging distance L6 from the imaging surface, 
the size of the iris image formed on the imaging surface through 
the second branch light path is Ax (a2/L6) =Ax (al/L5) ; and in 
the case that the iris is situated at an imaging distance b2 
from the imaging surface, the size of the iris image formed 
on the imaging surface through the second branch light path 
is Ax (a2/b2)=Ax (al/bl)=B. 
[0052] 

Therefore, in design of the lens group 115, if al and 
bl are set such that size of A and B are suitable for iris 
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authentication for the focusing range of the first branch light 
path, even if the iris is situated in the focusing range of 
the second branch light path, light from the iris is focused 
through the second branch light path, thereby an iris image 
having a size suitable for iris authentication can be obtained. 
[0053] 

Return to Fig. 1, the shielding plate 14 is disposed on 
the first branch light axis, and the shielding plate 15 is 
disposed on the second branch light axis . The shielding plates 
14, 15 are driven by a not-shown drive mechanism, and move 
between a position at which the branch light path is shielded 
(shielding position) and a position at which the branch light 
path is not shielded (withdrawal position) . The switching 
section 16 operate to control movement of the shielding plates 
14 and 15 according to a switching control signal from a 
switching control section 65 of an iris authentication device 
60 described later. The switching section 16 controls 
movement of the two shielding plates such that when one of the 
shielding plates 14 and 15 is in the shielding position, the 
other is in the withdrawal position, that is, only one of the 
shielding plates shields the branch light path. 
[0054] 

The imaging element 12 is configured by a solid-state 
imaging element that converts the iris image formed by the lens 
group 115 into an electric signal. The image processing 
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section 13 operates to perform processing such as A/D 
conversion to an electric signal outputted from the imaging 
element 12, and generating image data of the iris image. 

[0055] 

The iris authentication device 60 of the iris 
authentication system 1 includes an image capture section 61, 
an iris authentication processing section 62, an iris database 
63, an authentication result output section 64, and a switching 
control section 65. The image capture section 61 operates to 
load image data of an iris image generated in the iris image 
pickup camera 100 as image data for iris authentication, and 
to output the data to the iris authentication processing 
section 62. The iris database 63 stores image data of an iris 
image of a registrant. 
[0056] 

The iris authentication processing section 62 operates 
to perform the iris authentication by extracting an iris 
portion included in the image data for iris authentication 
outputted from the image capture section 61 and to compare it 
with the iris image stored in the iris database 63, and to output 
a result of the authentication to the authentication result 
output section 64 . The authentication result output section 
64 outputs an authentication result signal (authentication 
success signal or authentication failure signal) according to 
the authentication result. For example, when the iris 
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authentication system 1 is used for the in/out room management 
system, the authentication result signal is a control signal 
for unlocking or locking a door. When the iris authentication 
device 60 is added with an information device such as a monitor 
to notify the authentication result to a person to be 
authenticated, the authentication result signal is used as an 
information signal of the authentication result. 
[0057] 

Moreover, the iris authentication processing section 62 
has function that when the authentication result is given as 
authentication failure, the section outputs the result to the 
switching control section 65. The switching control section 
65 operates to output a switching control signal for switching 
a light path to the switching section 16 of the iris image pickup 
camera 100 upon receiving the result of the authentication 
failure for the iris portion from the iris authentication 
processing section 62. 
[0058] 

For the iris authentication system 1 configured as above, 
operation thereof is described using Fig. 4. First, the 
shielding plates 14 and 15 are moved by the switching section 
16, so that the shielding plate 14 is set in the withdrawal 
position, and the shielding plate 15 is set in the shielding 
position (step S41) . In this state, light from the iris as 
the object is transmitted through the half mirror 111, and 
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furthermore transmitted through the half mirror 112, and then 
injected into the lens group 115, and then the iris image is 
formed and projected to the imaging surface of the imaging 
element 12 . That is, the iris image is formed through the first 
branch optical path. Light reflected by the half mirror 111 
is reflected by the mirrors 113 and 114 in turn, and then 
shielded by the shielding plate 15 and therefore does not reach 
the half mirror 112. The iris image formed through the first 
branch light path is converted into an electric signal by the 
imaging element 12, and then image data of the iris image are 
generated in the image processing section 13. 
[0059] 

Next, the image capture section 61 of the iris 
authentication device 60 loads the image data generated in the 
image processing section 13 as image data for iris 

authentication, and outputs the data to the iris authentication 
processing section 62 (step S42) . The iris authentication 
processing section 62 extracts an iris portion from the image 
data outputted from the image capture section 61, and then 
compares it with the iris image stored in the iris database 
63, thereby performs authentication (step S43) . Here, when 
the iris is within the focusing range 17 of the first branch 
light path, and the iris has been registered in the iris 
database 63, authentication is achieved. When authentication 
is achieved (YES in step S43) , the iris authentication 
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processing section 62 outputs a result of the authentication 
to the authentication result output section 64. The 
authentication result output section 64 outputs an 
authentication success signal according to the result of 
authentication success (step S44), and then processing is 
finished. 
[0060] 

On the other hand, when authentication is not achieved 
(NO in step S43) , the iris authentication processing section 
62 outputs a result of authentication failure to the switching 
control section 65. The switching control section 65 outputs 
a switching control signal to the switching section 16 of the 
iris image pickup camera 100. Then, the shielding plates 14 
and 15 are moved by the switching section 16, so that the 
shielding plate 14 is set in the shielding position, and the 
shielding plate 15 is set in the withdrawal position (step S45) . 
In this state, light from the iris passes through the second 
branch light path, and consequently an iris image is formed 
on the imaging element 12. That is, the light from the iris 
is reflected by the half mirror 111, mirror 113, mirror 114 
and mirror 112 in turn, and then injected into the lens group 
115, and consequently the iris image is projected to the imaging 
surface of the imaging element 12. Then, the imaging element 
12 performs photoelectric conversion of the iris image, and 
then image data is generated in the image processing section 
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13. The image capture section 61 loads the image data and 
outputs the data to the iris authentication processing section 
62 (step S46) . 
[0061] 

The iris authentication processing section 62 performs 
authentication processing in the same way as in the step S43 
(step S47) . In the authentication processing, when the iris 
is within the focusing range 18 of the second branch light path, 
and the iris has been registered in the iris database 63, 
authentication is achieved. When authentication is achieved 
(YES in step S47), the section 62 outputs a result of the 
authentication to the authentication result output section 64 . 
Then, the authentication result output section 64 outputs an 
authentication success signal (step S44) , and then the 
processing is finished. 
[0062] 

When the authentication using the iris image formed 
through the second branch light path is still not achieved (NO 
in step S47) , whether predetermined limited time has passed 
from the beginning of processing is determined (step S48) . 
When the limited time has not passed (NO in step S48) , the 
procedure is returned to the step S41 and the above processing 
is repeated in order to take the iris image using the first 
branch optical system again. When the limited time has passed 
while the authentication is not achieved (YES in step S48), 
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the authentication processing section 62 outputs a result of 
authentication failure to the authentication result output 
section 64. Then, the authentication result output section 
64 outputs an authentication failure signal (step S49) , and 
then the processing is finished. 
[0063] 

In the processing, the image capture section 61 may load 
a plurality of image data from the image processing section 
13 in the step S42 and the step S4 6, and the authentication 
processing section 62 may perform authentication processing 
for the plurality of image data in the step S43 and the step 
S47. In this case, if authentication is achieved in any of 
image data, the procedure is transited to the step S44, wherein 
the authentication success signal is outputted from the 
authentication result output section 64 . 
[0064] 

According to such an iris authentication system 1 of the 
first embodiment of the invention, the first and second branch 
optical systems are configured by the imaging optical system 
110 of the iris image pickup camera 100, and the focusing ranges 
on the common light axis of respective light paths are displaced 
from each other, therefore if the iris of the person to be 
authenticated is in either of the focusing ranges of the first 
and second branch optical systems, a clear iris image in focus 
can be obtained. Thus, a range where the iris image in focus 
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can be taken is expanded for the person to be authenticated, 
and consequently prompt authentication processing can be 
performed without bothering the person to be authenticated. 

[0065] 

Moreover, in the iris image pickup camera 100, since the 
focusing range is expanded by a configuration where the iris 
image is formed through the first and second branch light paths , 
the imaging optical system need not have the zoom lens, 
automatic focusing function, and automatic zoom function, and 
consequently cost can be reduced. 
[0066] 

Moreover, in the imaging optical system 110, since the 
first and second branch light axes join together on this side 
of the lens group 115, the plurality of imaging elements need 
not be provided correspondingly to the first and second branch 
light axes, and consequently cost can be reduced. 
[0067] 

Furthermore, in the imaging optical system 110, since 

respective focusing ranges 17 and 18 of the first and second 
branch optical paths are configured in a manner of displacing 
from each other with the overlapped area, the continuous 
expanded-f ocusing-range is realized, and the iris image in 
focus can be obtained for the iris situated in all regions 
within the expanded focusing range. It will be appreciated 
that even if the two focusing ranges 17, 18 are continued 



29 



without being overlapped, the continuous 

expanded-f ocusing-range is realized. Moreover, even if an 
extremely narrow gap is present between the two focusing ranges 
17 and 18, the continuous expanded focusing range is 
substantially realized, and consequently advantageous effects 
as above are obtained. That is, as long as respective focusing 
ranges 17 and 18 of the first and second branch optical paths 
are adjacent to each other, the advantageous effects are 
obtained. 
[0068] 

(Second Embodiment) 

Next, an iris authentication system of a second 
embodiment of the invention is shown in Fig. 5. In Fig. 5, 
the embodiment is the same as the first embodiment in that the 
iris authentication system includes the iris image pickup 
camera and the iris authentication device, and the iris 
authentication camera includes the imaging optical system, 
imaging element, image processing section, and switching 
section. In addition, the iris authentication device is the 
same as the device in the first embodiment. Hereinafter, the 
same configuration in the embodiment as in the first embodiment 
is omitted to be described. 
[0069] 

An imaging optical system 21 of an iris image pickup 
camera 20 are configured by a half mirror 211, mirrors 213 and 
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214, a rotational mirror 216 and a lens group 215. The iris 
image pickup camera 20 includes a spindle 27 to which a 
rotational mirror 216 is fixed and a motor 28 for rotating the 
spindle 27. In the embodiment, the half mirror 211 and the 
lens group 215 configure a first branch optical system, and 
the half mirror 211, mirror 213, mirror 214, rotational mirror 
216 and lens group 215 configure a second branch optical system. 
[0070] 

The rotational mirror 216 is provided near a junction 
of light axes of the first and second branch optical systems. 
The rotational mirror 216 selectively activates the first or 
second branch light path by changing an angle by rotation. 
[0071] 

Fig. 5 shows a state where a first branch light path in 
the first branch optical system is activated by the rotational 
mirror 216. In this state, since the rotational mirror 216 
is withdrawn in a position where the first branch light path 
is not shielded, light from the iris passes through the first 
branch light path, that is, it is transmitted through the half 
mirror 211 and the lens group 215, and then projected to an 
imaging element 22. Light that has traveled along the second 
branch light path is reflected in a direction different from 
a direction toward the lens group 215 by a reflective surface 
of the rotational mirror 216. Therefore, the light does not 
reach the imaging element 22 through the lens group 215. 
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[0072] 

Fig. 6 shows a state where the second branch light path 
is activated. In this state, the light from the iris passes 
through the second branch light path, that is, it is reflected 
by the half mirror 211, mirror 213, and mirror 214, and then 
reflected on the reflective surface of the rotational mirror 
216 at the junction of the first and second branch light axes 
and thus injected into the lens group 215, and then projected 
to the imaging element 22. Light that has traveled along the 
first branch light path is shielded by a back face of the 
rotational mirror 216, and consequently not injected into the 
lens group 215. 
[0073] 

In this way, the rotational mirror 216 is rotated between 
an angle at which the first branch light path is activated 

(first light path activation angle) and an angle at which the 
second branch light path is activated (second light path 
activation angle) . This rotational operation is performed by 
controlling the motor 28 by the switching section 26. The 
switching section 26 receives a switching control signal from 
a switching control section 65 of an iris authentication device 
60, and controls the motor 28 according to the switching control 
signal . 
[0074] 

In the embodiment, when the rotational mirror 216 is at 
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the second light path activation angle as shown in Fig. 6, 
imaging may be performed multiple times by slightly changing 
the angle of the rotational mirror 216. Thus, imaging can be 
performed in vertically displaced ranges, and consequently 
ranges where the iris can be imaged can be expanded in a vertical 
direction . 
[0075] 

For the iris authentication system 2 configured as above, 
operation thereof is described using Fig. 7. First, the motor 
28 is driven by the switching section 16 to set the rotational 
mirror 216 to be at the first light path activation angle as 
shown in Fig. 5, so that the first branch light path is activated 
(stepS71). Then, an iris image formed through the first branch 
light path is subjected to photoelectric conversion by the 
imaging element 22, and then image data are generated in an 
image processing section 23. An image capture section 61 of 
the iris authentication device 60 loads the image data and 
outputs the data to an iris authentication processing section 
62 (step S72) . 
[0076] 

The iris authentication processing section 62 performs 

authentication processing in the same way as in the first 
embodiment using the image data outputted from the image 
capture section 61 (step S73) . When authentication is 
achieved (YES in step S73) , the iris authentication processing 
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section 62 outputs a result of the authentication to an 
authentication result output section 64. The authentication 
result output section 64 outputs an authentication success 
signal according to the result of authentication success (step 
S74), and then processing is finished. 
[0077] 

when authentication is not achieved (NO in step S7 3) , 
the iris authentication processing section 62 outputs a result 
of authentication failure to the switching control section 65. 
Then, the switching control section 65 outputs a switching 
control signal to the switching section 16 of the iris image 
pickup camera 100. The switching section 26 sets the 
rotational mirror 216 to be at the second light path activation 
angle according to the switching control signal, as shown in 
Fig. 6 (step S75) . In this state, the light from the iris is 
focused through the second branch light path and then an iris 
image is pro j ected to the imaging element 12 . Then, image data 
are generated in an image processing section 23. 
[0078] 

The image capture section 61 loads the image data, and 
outputs the data to the iris authentication processing section 
62 (step S76) . The iris authentication processing section 62 
performs authentication processing using the image data (step 
S77) , and when authentication is achieved, it outputs a result 
of the authentication to the authentication result output 
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section 64 . Then, the authentication result output section 
64 outputs an authentication success signal (step S74) , and 
then the processing is finished. 

[0079] 

When the authentication in the step S77 is still not 
achieved (NO in step S77), whether limited time has passed is 
determined (step S78) , and when elapsed time is within the 
limited time (NO in step S78), the procedure is returned to 
the step S71 and the above processing is repeated. When the 
limited time has passed while authentication is not achieved 
(YES in step S78), the iris authentication processing section 
62 outputs a result of it to the authentication result output 
section 64. Then, the authentication result output section 
64 outputs an authentication failure signal (step S79) , and 
then processing is finished. 
[0080] 

According to such an iris authentication system 2 of the 
second embodiment of the invention, the same advantageous 
effects as in the iris authentication system 1 of the first 
embodiment are obtained. Furthermore, in the embodiment, 
since light from the iris as the object is transmitted through 
the half mirror only once in both of a case that it passes through 
the first branch light path and a case that it passes through 
the second branch light path, the embodiment is advantageous 
compared with the first embodiment in the respect of small light 
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loss . 
[0081] 

Moreover, in the iris image pickup camera 20 of the 
embodiment, when the second branch light path is activated by 
the rotational mirror 26, light that travels along the first 
branch light path is shielded by the back face of the rotational 
mirror 26, therefore means for shielding the first branch light 
path need not be separately provided, leading to a simple 
structure . 
[0082] 

Furthermore, as described above, the rotational mirror 
216 is slightly displaced at an angle larger or smaller than 
the second light path activation angle, thereby an angle of 
view of the camera can be displaced in a vertical direction, 
and consequently ranges where the iris can be imaged can be 
expanded in a vertical direction. 
[0083] 

(Third Embodiment) 

Next, an iris authentication system 3 of a third 
embodiment of the invention is shown in Fig. 8. In Fig. 8, 
the embodiment is the same as the first embodiment in that the 
iris authentication system includes the iris image pickup 
camera and the iris authentication device. As shown in Fig. 
8, an iris image pickup camera 30 of the embodiment includes 
an imaging optical system 31, a first imaging element 321, a 
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second imaging element 322, a first image processing section 

331, and a second mage processing section 332. 

[0084] 

The imaging optical system 31 is configured by a half 
mirror 311, mirror 312, first lens group 313, and second lens 
group 314. The half mirrors 311 is disposed on an extension 
of a light axis of the first lens group 313, and held in such 
a direction that part of injected light from an object side 
is reflected upward. The mirror 312 is disposed on an extension 
of a light axis of the second lens group 314 and in a position 
above the half mirror 311, and held in such a direction that 
reflected light from the half mirror 311 is reflected toward 
the second lens group 314. 
[0085] 

The half mirror 311, mirror 312, first and second lens 

groups 313, 314 are disposed such that a distance between the 
half mirror 311 and the first lens group 313 is equal to a 
distance between the mirror 312 and the second lens group 314. 
The first lens group 313 is in the same configuration as in 
the second lens group 314. 
[0086] 

In the embodiment, the half mirror 311 and the first lens 
group 313 configure a first branch optical system, and the half 
mirror 311, mirror 312, and second lens group 314 configure 
a second branch optical system. A position of the half mirror 
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311 is a branch point of light axes of the two branch optical 
systems. The imaging optical system 31 has a common light axis 
in an object side with respect to the branch point of the light 
axes of the two branch optical systems. 
[0087] 

As above, in the imaging optical system 31 of the 
embodiment, since the first and second lens groups 313 and 314 
are in the same configuration, displacement between the 
focusing ranges 17 and 18 of the first and second branch light 
paths is equal to difference in length Ld between the first 
branch light path and the second branch light path in the 
imaging optical system 31. In the embodiment, since the 
distance between the half mirror 311 and the first lens group 
313 is equal to the distance between the mirror 312 and the 
second lens group 314, the difference in length Ld between the 
two branch light paths essentially corresponds to a distance 
between the half mirror 311 and the mirror 312. In the 
embodiment, the imaging optical system 31 is designed such that 
when depth of each of the focusing ranges of the first and second 
branch optical systems is assumed to be L, Ld=L is given, 
thereby the focusing range of the first branch light path and 
the focusing range of the second branch light path are continued, 
and consequently an image is in focus by one of the branch 
optical systems in all regions of the expanded focusing range. 
[0088] 
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According to such a configuration of the imaging optical 
system 31, an iris image is projected to the first imaging 
element 321 by the first branch optical system, and an iris 
image is projected to the second imaging element 322 by the 
second branch optical system as well. The first imaging 
element 321 and the second imaging element 322 perform 
photoelectric conversion of the projected iris images and thus 
output electric signals. Then, the first image processing 
section 331 and the second image processing section 332 perform 
processing such as A/D conversion of the electric signals 
outputted from the first imaging element 321 and the second 
imaging element 322 to generate image data, respectively. 
[0089] 

An iris authentication device 70 includes a focusing 
determination section 76, a selector 77, an image capture 

section 71, an iris authentication processing section 72, an 
iris database 73, and an authentication result output section 
74 . The focusing determination section 76 is connected to both 
of the two image processing sections 331 and 332 of the iris 
image pickup camera 30. The focusing determination section 
76 operates to detect the focusing level of image data outputted 
from each of the image processing sections 331 and 332, to 
determine which image data are corresponding to an image in 
focus, and to output a determination result to the selector 
77. The focusing determination section 76 converts the image 
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data into spatial frequency by Fourier transform to detect the 
focusing level. Then, the section 76 performs focusing 
determination by assuming an integral value of a predetermined 
spectrum component as a focusing level, and comparing the 
focusing level with a threshold value. 
[0090] 

The selector 77 is also connected to both of the two image 
processing sections 331 and 332 of the iris image pickup camera 
30, and inputted with the image data from the image processing 
sections 331 and 332. The selector 77 operates to output one 
of the two image data, which is in focus, to the image capture 
section 71 according to the result of the focusing 
determination outputted from the focusing determination 
section 76. 
[0091] 

The image capture section 71 operates to load the image 
data in focus selected by the selector 77 as image data for 
iris authentication, and to output the data to the iris 
authentication processing section 72. The iris database 73 
stores an iris image of a registrant. The iris authentication 
processing section 72 operates to perform authentication 
processing by comparing an iris portion in the image data with 
the iris image stored in the iris database 73 using the image 
data outputted from the image capture section 71, similarly 
as in the first embodiment. The authentication result output 
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section 74 also operates to output an authentication result 

signal similarly as in the first embodiment. 

[0092] 

For the iris authentication system 3 configured as above, 
operation is described using Fig. 9. The image processing 
sections 331 and 332 output image data to the focusing 
determination section 76 respectively. Then, the focusing 
determination section 76 first detects a focusing level of 
image data (first image data) outputted from the image 
processing sections 331 (step S91) . Then, the focusing 
determination section 76 performs focusing determination 
(step S92), and when image data outputted from the image 
processing sections 331 has a focusing level equal to a 
threshold value or more (YES in step S92) , it outputs a 
determination result to the selector 77, the result showing 
that the image data are to be selected (step S93) . 
[0093] 

On the other hand, when the focusing level of the image 

data is lower than the threshold value in the focusing 
determination in the step S92 (NO in step S92), the focusing 
determination section 76 detects a focusing level of image data 
(second image data) outputted from the image processing 
sections 332 (step S94) . Then, the focusing determination 
section 76 performs focusing determination for the image data 
(step S95), and when a focusing level is equal to a threshold 
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value or more (YES in step S95) , it outputs a determination 
result to the selector 77, the result showing that the image 
data are to be selected (step S96) . When the focusing level 
is lower than the threshold value (NO in step S95), procedure 
is returned to the step S91, and the focusing determination 
is repeated using other image data outputted from the image 
processing section 331 and the image processing section 332. 
[0094] 

When the image data are selected in the step S93 or the 
step S96, the image capture section 71 loads the selected image 
data from the selector 77, and outputs the data to the iris 
authentication processing section 72 as image data for iris 
authentication (step S97) . The iris authentication 
processing section 72 performs authentication processing 
using image data outputted from the image capture section 71 
(step S98) . Then, the iris authentication processing section 
72 determines whether authentication is achieved or not (step 
S99) , and when the authentication is achieved (YES in step S99) , 
it outputs a result of the authentication to the authentication 
result output section 74. Then, the authentication result 
output section 74 outputs an authentication success signal 
(step SlOO), and then processing is finished. 
[0095] 

On the other hand, when the authentication is not 
achieved in the iris authentication processing section 72 (NO 
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in step S99) , whether predetermined limited time has passed 
from the beginning of processing is determined (step SlOl) , 
and when the limited time has still not passed (NO in step SlOl) , 
the procedure is returned to the step S91, and the focusing 
determination is repeated. When the limited time has passed 
while the authentication is still not achieved (YES in step 
SlOl), the authentication processing section 72 outputs a 
result of authentication failure to the authentication result 
output section 74. Then, the authentication result output 
section 74 outputs an authentication failure signal (step S102) , 
and then the processing is finished. 
[0096] 

In the iris authentication system 3 of the third 
embodiment of the invention, similarly as in the first 
embodiment, the imaging optical system 31 of the iris image 

pickup camera 30 has the first and second branch optical 
systems; the focusing ranges on the common light axis of which 
are displaced from each other, and the light through each of 
the branch light paths is focused to generate the image data 
of the iris image, therefore as long as the iris of the person 
to be authenticated is in one of the focusing ranges of the 
first and second branch light paths, either of the first and 
second image data is corresponding to the image in focus. That 
is, the range where the iris image in focus can be taken is 
expanded, and consequently the failure of authentication due 
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to defocusing of the taken iris image may be reduced. Thus, 
prompt authentication processing can be realized. 
[0097] 

Moreover, in the iris authentication device 70 of the 
embodiment, the image data in focus are previously selected 
from image data that have been taken through the first and 
second branch optical systems, and then the authentication 
processing is performed in the iris authentication processing 
section 72. According to such a configuration, since such 
authentication processing that authentication failure is 
caused by defocusing of an image is not performed, time required 
for obtaining an authentication result signal can be reduced. 
[0098] 

(Fourth Embodiment) 

Next, an iris authentication system 4 of a fourth 

embodiment of the invention is shown in Fig. 10. In Fig. 10, 
the iris authentication system 4 includes the iris image pickup 
camera and the iris authentication device similarly as in the 
first embodiment. An iris image pickup camera 40 of the 
embodiment includes an imaging optical system 41, a first 
imaging element 421, a second imaging element 422, a first image 
processing section 431, and a second image processing section 
432 . 
[0099] 

The imaging optical system 41 is configured by a half 
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mirror 411, first lens group 412, and second lens group 413. 
The first lens group 412 and the second lens group 413 are 
disposed in a manner that their light axes are perpendicular 
to each other. The half mirror 411 is disposed at an 
intersection of the two light axes, and held in such a direction 
that part of injected light is reflected from an object side 
to the second lens group 413. The first lens group 412 and 
the second lens group 413 are disposed such that respective 
distances to the intersection of the light axes, or respective 
distances to the half mirror 411 are the same. 
[0100] 

In the first lens group 412 and the second lens group 
413, distances to respective focusing ranges 17 and 18 are 
different, and the focusing range 17 of the first lens group 
412 is more distant than the focusing range 18 of the second 
lens group 413. Moreover, in the two lens groups 412 and 413, 
the focusing ranges are different in depth, and the focusing 
range 17 of the first lens group 412 is shallower than the 
focusing range 18 of the second lens group 413. Furthermore, 
the two lens groups 412 and 413 are different in magnification, 
and as described before using Fig. 3, they are set such that 
an iris image of an iris situated in the most distant end of 
each of the focusing ranges is larger than a minimum size where 
the iris can be authenticated, and an iris image of an iris 
situated in the nearest end of each of the focusing ranges is 
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smaller than a maximum size that can be handled in the iris 

authentication processing. 

[0101] 

In the embodiment, the half mirror 411 and the first lens 
group 412 configure a first branch optical system, and the half 
mirror 411 and the second lens group 413 configure a second 
branch optical system. A position of the half mirror 411 is 
a branch point of light axes of the two branch optical systems. 
Furthermore, the imaging optical system 41 has a common light 
axis in an object side from the branch point of the light axes 
of the two branch optical systems. 
[0102] 

In the iris image piclcup camera 40 configured as above, 
an iris image is formed on an imaging surface of a first imaging 
element 421 by light through the first branch light path, and 

an iris image is also formed on an imaging surface of a second 
imaging element 422 by light through the second branch light 
path. The first imaging element 421 and the second imaging 
element 422 perform photoelectric conversion of the formed iris 
images and thus output electric signals . Then, the first image 
processing section 431 and the second image processing section 
432 perform processing such as A/D conversion of the electric 
signals outputted from the first imaging element 421 and the 
second imaging element 422 to generate image data, 
respectively. 
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[0103] 

An iris authentication device 80 includes a first image 
capture section 811, a second image capture section 812, an 
iris authentication processing section 82, an iris database 
83, and an authentication result output section 84. The first 
and second image capture sections 811 and 812 are connected 
to the image processing sections 431 and 432 of the iris image 
pickup camera 40 respectively. Configurations of the first 
and second image capture sections 811 and 812 are the same as 
the configuration of the image capture section 61 in the first 
embodiment. Moreover, configurations of the iris 

authentication processing section 82, iris database 83, and 
authentication result output section 84 are the same as 
corresponding sections in the first embodiment. 
[0104] 

For the iris authentication system 4 configured as above, 
operation is described using Fig. 11. First, the first image 
capture section 811 loads image data (first image data) from 
the first image processing section 431 of the iris image pickup 
camera 40, and outputs the data to the iris authentication 
processing section 82 (step Sill) . The iris authentication 
processing section 82 performs authentication processing in 
the same way as in the first embodiment using the image data 
outputted from the first image capture section 811 (step S112) . 
When authentication is achieved (YES in step S112), the iris 
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authentication processing section 82 outputs a result of the 
authentication to the authentication result output section 84 . 
Then, the authentication result output section 84 outputs an 
authentication success signal according to the result of 
authentication success (step S113) , and then the processing 
is finished. 
[0105] 

When authentication is not achieved (NO in step S112) , 
the second image capture section 812 loads image data (second 
image data) from the second image processing section 432 of 
the iris image pickup camera 40, and outputs the data to the 
iris authentication processing section 82 (step S114) . The 
iris authentication processing section 82 performs 
authentication processing in the same way as in the step S112 
using the image data (step S115) , and when authentication is 
achieved, the section 82 outputs a result of the authentication 
to the authentication result output section 84. Then, the 
authentication result output section 84 outputs the 
authentication success signal (step S113) , and then the 
processing is finished. 
[0106] 

When the authentication in the step S115 is still not 
achieved (NO in step S115) , whether limited time has passed 
is determined (step S116) , and when elapsed time is within the 
limited time (NO in step S116) , procedure is returned to the 
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step Sill and the above processing is repeated. When the 
limited time has passed while authentication is not achieved 
(YES in step S116) , the iris authentication processing section 
82 outputs a result of authentication failure to the 
authentication result output section 84. Then, the 
authentication result output section 84 outputs an 
authentication failure signal (step 3117), and then processing 
is finished. 
[0107] 

In the iris authentication system 4 of the fourth 
embodiment of the invention, similarly in the third embodiment, 
the imaging optical system 41 of the iris image pickup camera 
40 has the first and second branch optical systems; the focusing 
ranges on the common light axis of which are displaced from 
each other, and the light through each of the branch light paths 
is focused to generate the image data of the iris image, 
therefore as long as the iris of the person to be authenticated 
is in either of the focusing ranges of the first and second 
branch light paths, either of the first and second image data 
is corresponding to the image in focus. That is, the range 
where the iris image in focus can be taken is expanded, and 
consequently the failure of authentication due to defocusing 
of the taken iris image may be reduced. Thus, prompt 
authentication processing can be realized. 
[0108] 
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While the distance from the half mirror 411 as the branch 
point of the light axes of the first and second branch optical 
systems to the first lens group 413 and the distance to the 
second lens group 414 were set to be equal in the imaging optical 
system 41 in the above description, the invention is not limited 
to this. That is, the distance from the branch point to the 
first lens group 413 and the distance to the second lens group 
414 may be set to be different from each other as in the third 
embodiment. Again in this case, the two lens groups 413 and 
414 are configured in a way that they have different 
magnifications so that the iris images formed on respective 
imaging elements are approximately the same in size, and the 
two focusing ranges are adjacent to each other. 
[0109] 

(Fifth Embodiment) 

Next, an iris authentication system 5 of a fifth 
embodiment of the invention is shown in Fig. 12. In Fig. 12, 
the iris authentication system 5 includes the iris image pickup 
camera and the iris authentication device similarly as in the 
first embodiment. An iris image pickup camera 50 in the 
embodiment includes an imaging optical system 51, imaging 
element 52, and image processing section 53; and the imaging 
optical system 51 is configured by a half mirror 511, mirrors 
512 to 516, a first lens group 517, and a second lens group 
518. 
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[0110] 

The first lens group 517 and the second lens group 518 
are disposed such that light axes of them are parallel to each 
other. The half mirror 511 is disposed on an extension of a 
light axis of the first lens group 517, and held in such a 
direction that part of injected light from an object side is 
reflected downward. The imaging element 52 is disposed such 
that an iris image formed by the first lens group 517 is 
projected to an upper region of the element. The mirrors 512 
to 514 are disposed such that light reflected by the half mirror 
511 is reflected in turn by the mirrors and thus injected into 
the second lens group 518 . The mirrors 515 and 516 are disposed 
such that the iris image formed by the second lens group 518 
are reflected in turn by the mirrors and thus projected to a 
lower region of the imaging element 52 in a direction parallel 
to the light axis of the second lens group 518. 
[0111] 

In the embodiment, the half mirror 511 and the first lens 

group 517 configure a first branch optical system, and the half 
mirror 511, mirrors 512 to 516, and second lens group 518 
configure a second branch optical system. A position of the 
half mirror 511 is a branch point of light axes of the two branch 
optical systems. The imaging optical system 51 has a common 
light axis in an object side from the branch point of the light 
axes of the two branch optical systems. 
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[0112] 

The first lens group 517 and the second lens group 518 
are in the same configuration. Therefore, the focusing ranges 
17 and 18 of them are displaced on the common light axis by 
difference Ld between length of the first branch light path 
and length of the second branch light path within the imaging 
optical system 51. In the embodiment, the imaging optical 
system 51 is set such that the difference Ld between the two 
branch light paths is equal to the focusing range 18 of the 
second branch light path. Thus, the expanded focusing range 
is formed in a manner that the focusing range 17 of the first 
branch light path and the focusing range 18 of the second branch 
light path are continued. 
[0113] 

In the iris image pickup camera 50 configured as above, 

when an iris as an object is situated on the common axis, an 
iris image is formed on the upper region of an imaging surface 
of the imaging element 52 by light through the first branch 
light path, and an iris image is formed on the lower region 
of the imaging surface of the imaging element 52 by light 
through the second branch light path. The imaging element 52 
performs photoelectric conversion in this condition and thus 
outputs an electric signal. The image processing section 53 
performs processing such as A/D conversion to the electric 
signal to generate image data, and outputs the data. 
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[0114] 

Fig. 13 is a view showing image data generated by the 
iris image pickup camera 50 of the embodiment. Since, the 
expanded focusing range is formed in a manner that the focusing 
range 17 of the first branch light path and the focusing range 
18 of the second branch light path are continued as described 
above, when the iris as the object is within the expanded 
focusing range, an iris image in focus is obtained in one of 
the upper and lower regions of image data, and an iris image 
in defocus is obtained in the other region. An example of Fig. 
13 shows image data obtained when the iris as the object is 
situated within the focusing range of the first branch light 
path. The iris image in focus exists in the upper region of 
the image data, and the iris image in defocus exists in the 
lower region. 
[0115] 

Return to Fig. 12, and the iris authentication device 
90 of the embodiment includes an image capture section 91, a 
clipping section 98, an iris authentication processing section 
92, an iris database 93, and an authentication result output 
section 94. The image capture section 91 operates to load the 
image data outputted from the image processing section 53 of 
the iris image pickup camera 50 as image data for iris 
authentication similarly as in the first embodiment. The 
clipping section 98 operates to clip an upper iris image from 
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the upper region of the image data loaded by the image capture 
section 91, to clip a lower iris image from the lower region, 
and then to output each of them to the iris authentication 
processing section 92. Configurations of the iris 
authentication processing section 92, iris database 93, and 
authentication result output section 94 are the same as 
corresponding sections in the first embodiment. 
[0116] 

For the iris authentication system 5 configured as above, 
operation is described using Fig . 14. First, the image capture 
section 91 loads the image data from the image processing 
section 53 of the iris image pickup camera 50, and outputs the 
data to the clipping section 98 (step S141) . The clipping 
section 98 clips the upper iris image and the lower iris image 
from the upper region and the lower region of the image data, 
and then outputs each of them to the iris authentication 
processing section 92 (step S142) . 
[0117] 

The iris authentication processing section 92 performs 
authentication processing using the upper iris image and the 
lower iris image (step S143) . When authentication is achieved 
in at least one of the images (YES in step S143) , the iris 
authentication processing section 92 outputs a result of the 
authentication to the authentication result output section 94 . 
Then, the authentication result output section 94 outputs an 
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authentication success signal according to the result of 
authentication success (step S144), and then processing is 
finished . 
[0118] 

When the authentication is not achieved (NO in step S143) , 
whether limited time has passed is determined (step S145) , and 
when elapsed time is within the limited time (NO in step S145) , 
procedure is returned to the step S141 and the above processing 
is repeated. When the limited time has passed while 
authentication is not achieved (YES in step S145) , the iris 
authentication processing section 92 outputs a result of 
authentication failure to the authentication result output 
section 94. Then, the authentication result output section 
94 outputs an authentication failure signal (step S146), and 
then the processing is finished. 
[0119] 

While a configuration where the first and second branch 
optical systems have the lens groups 517 and 518 is used in 
the above example, the invention is not limited to this. That 
is, a configuration may be used, in which the first and second 
branch optical systems have a common lens group, and light 
transmitted through the half mirror 511 is injected into an 
upper region of the common lens group, and light which is 
reflected by the half mirror 511 and then reflected by the 
mirrors 512 to 513 is injected into a lower region of the common 
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lens group. If the depth of field of the common lens group 
is sufficiently large, in the imaging element provided behind 
the common lens group, as shown in Fig. 13, an iris image formed 
through the first branch light path is projected to the upper 
region, and an iris image formed through the second branch light 
path is projected to the lower region. 
[0120] 

In the iris authentication system 5 of the fifth 
embodiment of the invention, similarly in the first embodiment, 
the imaging optical system 51 of the iris image pickup camera 
50 has the first and second branch optical systems; the focusing 
ranges on the common light axis of which are displaced from 
each other, and the light through each of the branch light paths 
is focused to generate the image data of the iris image, 
therefore as long as the iris of the person to be authenticated 
is in either of the focusing ranges of the first and second 
branch optical systems, either of the first and second image 
data is corresponding to the image in focus. Thus, the range 
where the iris image in focus can be taken is expanded, and 
consequently the failure of authentication due to defocusing 
of the taken iris image may be reduced, and prompt 
authentication processing can be realized. 
[0121] 

(Sixth Embodiment) 

Fig. 15 is a view showing an example of an iris 
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authentication device of a sixth embodiment. An iris 
authentication device 901 of the embodiment further includes 
an upper focusing determination section 101, a lower focusing 
determination section 102, and a combined determination 
section 103 in addition to the configuration of the iris 
authentication device 90 of the fifth embodiment. The upper 
focusing determination section 101 and the lower focusing 
determination section 102 determine focusing levels of the 
upper region and the lower region using the image data outputted 
from the image capture section 91, and then output results of 
determination, respectively. Configurations for performing 
focusing determination in the upper focusing determination 
section 101 and the lower focusing determination section 102 
are the same as the focusing determination section 76 in the 
third embodiment as described before. 
[0122] 

When the upper focusing determination section 101 
determines that the upper region is the image in focus, the 
combined determination section 103 outputs an upper clipping 
signal, and when the lower focusing determination section 102 
determines that the lower region is the image in focus, it 
outputs a lower clipping signal. In the iris image pickup 
camera 50 of the embodiment, since the focusing range 17 of 
the first branch optical system and the focusing range 18 of 
the second branch optical system are continued without being 
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overlapped, images in focus are not obtained in both of the 
upper and lower regions. When the image is determined to be 
defocused in either of the upper and lower regions, the combined 
determination section 103 outputs a recapture signal. 
[0123] 

When the clipping section 98 receives the upper clipping 
signal or the lower clipping signal, according to the signal, 
clipping section 98 clips an iris image from the upper region 
or the lower region of the image data outputted from the image 
capture section 91, and then outputs the iris image to the iris 
authentication processing section 92. When the clipping 
section 98 receives the recapture signal, it disregards the 
image data that have been received from the image capture 
section 91, and loads new image data from the image capture 
section 91. 
[0124] 

In this way, the iris authentication device 901 of the 
embodiment clips only the iris image in focus from the image 
data including the iris images formed through respective first 
and second branch optical systems by the upper focusing 
determination section 101, lower focusing determination 
section 102, combined determination section 103, and clipping 
section 98, and performs authentication processing in the iris 
authentication processing section 92. Thus, since such 
authentication processing that authentication is not achieved 
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due to defocusing of an image is not performed, the time 
required for obtaining an authentication result signal can be 
reduced. 
[0125] 

In the description, the imaging optical system has the 
two, first and second branch optical systems in any of 
embodiments, however, the invention is not limited to this, 
and the system may have three or more branch optical systems. 
[0126] 

Moreover, respective optical components configuring the 
imaging optical system in the above description and arrangement 
of them are not limited to the above examples . The imaging 
optical system of the invention can be variously designed 
within the scope of the invention, for example, prisms may be 
used instead of the mirrors. 
[0127] 

Moreover, a method for switching an imaging light path 
or a clipping image is not limited to the above examples. For 
example, switching control may be performed based on a result 
of determining a portion like a human eye after detecting 
geometrical features from a taken image, or the switching 
control may be performed according to an external control 
signal . 
[0128] 

(Seventh Embodiment) 
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An iris authentication system of a seventh embodiment 
of the invention is shown in Fig. 16. In Fig. 16, an iris 
authentication system 7 includes an iris image pickup camera 
100 and an iris authentication device 60. The iris 
authentication camera 100 includes an imaging optical system 
110, an imaging element 12, an image processing section 13, 
shielding plates 14 and 15, and a switching section 16. 
[0129] 

The imaging optical system 110 is configured by two half 
mirrors 111 and 112, two mirrors 113 and 114, and a lens group 
115. The lens group 115 is a group of fixed focal length lenses 
each of which is fixed, and has a focusing range having a depth 
of L. The half mirrors 111 and 112 are disposed on an extension 
of a light axis of the lens group 115. The half mirror 111 
is held in such a direction that part of injected light from 
an object side is reflected downward, and the half mirror 112 
is held in such a direction that part of injected light from 
a lower side is reflected toward the lens group 115. 
[0130] 

The mirror 113 is disposed in a position where the 
reflected light from the half mirror 111 is injected, that is, 
below the half mirror 111, and held in such a direction that 
the reflected light from the half mirror 111 is reflected in 
a direction parallel to a light axis of the lens group 115. 
The mirror 114 is disposed in a position where light reflected 
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by the half mirror 111 and the mirror 113 is injected, that 
is, in a position at the same height as that of the mirror 113, 
and held in such a direction that reflected light from the 
mirror 113 is reflected upward. 
[0131] 

In a configuration as above, in the imaging optical 
system 110, the half mirror 111, half mirror 112 and lens group 
115 configure a first branch optical system, and the half mirror 
111, mirror 113, mirror 114, half mirror 112 and lens group 
115 configure a second branch optical system. Hereinafter, 
light axes of first and second branch optical systems are called 
first and second branch light axes, and light paths along the 
first and second branch light axes are called first and second 
branch light paths. 
[0132] 

The imaging optical system 110 has a common light axis 
in a region where an object is present, that is, in the outside 
of the iris image pickup camera 100, and the common light axis 
is branched into first and second branch light axes at the half 
mirror 111 as a branch point. The first and second branch light 
axes join together at the half mirror 112 as a junction. 
[0133] 

The first branch optical system is configured such that 
light from an iris situated on the common light axis passes 
through the first branch light path to the imaging element 12 
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through the half mirror 111, half mirror 112, and lens group 
115 . The second branch optical system is configured such that 
the light from the iris situated on the common light axis passes 
through the second branch light path to the image element 12 
through the half mirror 111, mirror 113, mirror 114, half mirror 
112, and the lens group 115. When the first branch light path 
is compared to the second branch light path, the second branch 
light path is longer than the first branch light path by a 
distance between the half mirror 111 and the mirror 113 and 
a distance between the mirror 114 and the half mirror 112. 
[0134] 

The imaging element 12 is a solid-state imaging element 
that converts the projected iris image and thus outputs an 
electric signal. The image processing section 13 operates to 
perform processing such as A/D conversion to an electric signal 
outputted from the imaging element 12, and to generate image 
data of the iris image. 
[0135] 

The shielding plate 14 is disposed on the first branch 
light axis, and the shielding plate 15 is disposed on the second 
branch light axis. The shielding plates 14 and 15 are driven 
by a not-shown drive mechanism, and move between a position 
at which the branch light path is shielded (shielding position) 
and a position at which the branch light path is not shielded 
(withdrawal position) . The switching section 16 operates to 
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control movement of the shielding plates 14 and 15 according 
to a switching control signal from the switching control 
section 65 of the iris authentication device 60 described later 
The switching section 16 controls movement of the two shielding 
plates such that when one of the shielding plates 14 and 15 
is in the shielding position, the other is in the withdrawal 
position, that is, only one of the shielding plates shields 
the branch light path. 
[0136] 

The iris image pickup camera 100 configured as above has 
first and second imaging modes, and takes an image of the iris 
as the object in each of the imaging modes . That is, a condition 
is a first imaging mode, in which the shielding plate 14 is 
situated in the withdrawal position and the shielding plate 
15 is situated in the shielding position, and light from the 
iris passes through the first branch light path to form the 
iris image in the imaging element 12. Another condition is 
a second imaging mode, in which the shielding plate 14 is 
situated in the shielding position and the shielding plate 15 
is situated in the withdrawal position, and light from the iris 
passes through the second branch light path to form the iris 
image in the imaging element 12. In the embodiment, the first 
and second imaging modes are selectively switched by moving 
the shielding plates 14 and 15 by the switching section 16. 
[0137] 
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Fig. 17 is a view showing focusing level characteristics 
depending on a distance to the iris as the object in the first 
and second imaging modes. In Fig. 17, a horizontal axis 
represents a distance from the iris image pickup camera 100 
to the iris as the object, and a vertical axis represents a 
focusing level of the iris image taken in each of the imaging 
modes. Since the first branch optical system and the second 
branch optical system share the lens group 115 as described 
above, focusing level characteristics of the two branch optical 
systems have approximately the same pattern. Since the first 
branch light path and the second branch light path are different 
in length as described above, the focusing level characteristic 
in the first imaging mode is different from the focusing level 
characteristic in the second imaging mode on an external common 
light axis of the iris image pickup camera 100 by difference 
in length between the first branch light path and the second 
branch light path. That is, the iris image pickup camera 100 
has the focusing level characteristics in respective first and 
second imaging modes that are approximately the same in pattern 
and shifted from each other, as the focusing level 
characteristics depending on the distance from the iris image 
pickup camera 100 to the object. 
[0138] 

In the focusing level characteristics in the first and 
second imaging modes, a range having a predetermined width. 
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which includes a point at which the focusing level is maximized, 
is the focusing range. In the embodiment, the imaging optical 
system 110 is configured such that the difference between the 
first and second branch light paths is smaller than the size 
of the focusing range in each of the imaging modes. Thus, as 
shown in Fig. 17, the focusing range 17 in the first imaging 
mode and the focusing range 18 in the second imaging mode are 
adjacent to each other in a condition of being partially- 
overlapped, and consequently the expanded focusing range 19 
combining the two focusing ranges is formed. Therefore, in 
the iris image pickup camera 100, if the iris is in the expanded 
focusing range 19, a clear iris image that is in focus is 
obtained in one of first and second imaging modes. 
[0139] 

Moreover, in the embodiment, depth of the focusing range 

is set such that the iris image within the range has a 
predetermined size suitable for iris authentication. That is, 
the lens group 115 is designed such that when the iris is in 
the most distant end of the focusing range 17, the iris image 
obtained in the first imaging mode has the minimum size required 
for iris authentication, and when the iris is in the nearest 
end of the focusing range 17, the iris image obtained in the 
first imaging mode has the maximum size allowed for iris 
authentication. Since the first branch optical system and the 
second branch optical system share the lens group 115, when 
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the focusing range 17 in the first imaging mode satisfies the 
above conditions, the focusing range 18 in the second imaging 
mode also satisfies the above conditions. 
[0140] 

Return to Fig. 16, and the iris authentication device 
60 of the embodiment includes the image capture section 61, 
a focusing determination section 66, an object distance 
determination section 67, a lead guidance section 68, the 
switching control section 65, the iris authentication 
processing section 62, the iris database 63, and the 
authentication result output section 64. The image capture 
section 61 operates to load image data of the iris image taken 
by the iris image pickup camera 100 as image data for iris 
authentication, and to output the data to the focusing 
determination section 66 and the iris authentication 
processing section 62. 
[0141] 

The focusing determination section 66 operates to 

calculate the focusing level of the image data outputted form 
the image capture section 61, and to output it to the object 
distance determination section 67. The focusing 

determination section 66 converts the image data into spatial 
frequency using Fourier transform, and calculates an integral 
value of a predetermined spectrum component of the spatial 
frequency as the focusing level. Furthermore, the focusing 
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determination section 66 operates to perform focusing 
determination by comparing the calculated focusing level with 
a previously stored threshold value, and to output a 
determination result to the object distance determination 
section 67, iris authentication processing section 62, and 
switching control section 65. The threshold value is set in 
accordance with the focusing ranges 17 and 18 shown in Fig. 
17. 

[0142] 

The object distance determination section 67 operates 
to receive the focusing levels of the image data of the iris 
images taken in respective first and second imaging modes from 
the focusing determination section 66, and to determine the 
distance to the iris as the object based on difference between 
the focusing levels. 
[0143] 

A configuration for determining the distance to the iris 
by the object distance determination section 67 is described 
with reference to Fig. 17. As described before, the focusing 
level characteristic in the first imaging mode and the focusing 
level characteristic in the second imaging mode are in 
approximately the same pattern and shifted from each other. 
Therefore, when an object is at a distance that is more distant 
than a distance L4 at which the two focusing level 
characteristics meet, an image obtained in the first imaging 
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mode is high in focusing level compared with an image obtained 
in the second imaging mode. Conversely, when an object is in 
a position nearer than a distance L3, the image obtained in 
the second imaging mode is high in focusing level compared with 
the image obtained in the first imaging mode. 
[0144] 

Here, a position where the two focusing level 
characteristics meet (position of the distance L4) is the 
center of respective positions (position of the distance L3 
and position of a distance L5) at which each of the focusing 
levels reaches a peak in each of the two focusing level 
characteristics, and the position is the center of the expanded 
focusing range 19. Therefore, whether the object is situated 
on this side or in a back side of the center of the expanded 
focusing range 19 can be determined by comparing the focusing 
levels of the images obtained in the two imaging modes and 
determining a higher focusing level. 
[0145] 

Moreover, if the object distance determination section 
67 stores the focusing level characteristics in the first and 
second imaging modes as shown in Fig. 17, it can obtain a 
specific distance to the iris as the object based on the 
focusing level of the image obtained in the first imaging mode 
and the focusing level of the image obtained in the second 
imaging mode . 
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[0146] 

For example, when the focusing level of the image 
obtained in the first imaging mode is a2, the distance to the 
iris is L2 or L7 . When the distance to the iris is L2, a focusing 
level of a lower iris image that is the image obtained in the 
second imaging mode is a3 which is high compared with a focusing 
level of an upper iris image. When the distance to the iris 
is L7, the focusing level of the lower iris image is al which 
is low compared with the focusing level of the upper iris image. 
In this way, whether the distance to the iris is L2 or L7 is 
known based on the difference in focusing level between the 
upper iris image and the lower iris image. 
[0147] 

When the focusing level of the upper iris image is a2, 
and the focusing level of the lower iris image is a3, the object 

distance determination section 67 can determine the distance 
to the iris as L2 based on the stored focusing level 
characteristics; and when the focusing level of the upper iris 
image is a2, and the focusing level of the lower iris image 
is al, it can determine the distance to the iris as L7. In 
this way, the object distance determination section 67 can 
determine the distance to the iris based on respective focusing 
level characteristics in the first imaging mode and the second 
imaging mode and the focusing levels of the images taken in 
respective imaging modes. 
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[0148] 

Furthermore, the object distance determination section 
67 operates to output a signal for leading a person to be imaged 
to be closer to the camera (closing-lead-signal) , a signal for 
leading the person to be distanced from the camera 
(distancing-lead-signal) , a signal showing that a position of 
the iris is appropriate (lead-unnecessary-signal) , or a signal 
showing that a determination result is not known 
(indetermination signal) to the lead guidance section 68 based 
on the determination result of the distance to the iris and 
the focusing level outputted from the focusing determination 
section 66. 
[0149] 

When the result of the focusing determination from the 
focusing determination section 66 shows that the focusing level 

of the iris image taken in either of imaging modes is lower 
than a threshold value, that is, when the iris is determined 
to be not situated within the expanded focusing range 19, the 
object distance determination section 67 determines whether 
the iris is situated on this side or at the back side of the 
expanded focusing range 19, and outputs the 
closing-lead-signal or the distancing-lead-signal. 
[0150] 

Specifically, when the focusing level of the iris image 
taken in either of imaging modes is lower than the threshold 
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value, and the focusing level of the iris image taken in the 
first imaging mode is higher than the focusing level of the 
iris image taken in the second imaging mode, the obj ect distance 
determination section 67 determines that the iris is situated 
in a position that is outside the expanded focusing range 19 
and more distant than the center L4 of the expanded focusing 
range 19, that is, situated in a position more distant than 
the most distant end L6 of the expanded focusing range. In 
this case, the object distance determination section 67 outputs 
the closing-lead-signal. When the focusing level of the iris 
image taken in either of imaging modes is lower than the 
threshold value, and the focusing level of the iris image taken 
in the first imaging mode is lower than the focusing level of 
the iris image taken in the second imaging mode, the section 
67 determines that the iris is situated in a position that is 
outside the expanded focusing range 19 and nearer than the 
center L4 of the expanded focusing range 19, that is, situated 
in a position nearer than the nearest end LI of the expanded 
focusing range 19. In this case, the object distance 
determination section 67 outputs the distancing-lead-signal . 
[0151] 

Moreover, when the result of the focusing determination 
in the focusing determination section 66 shows that the 
focusing level of the iris image taken in either of imaging 
modes is higher than the threshold value, that is, when the 
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iris is determined to be situated within the expanded focusing 
range 19, the object distance determination section 67 outputs 
the lead-unnecessary-signal. When the distance to the object 
is not known, the object distance determination section 67 
outputs the indetermination signal. 
[0152] 

Fig. 18 is a view showing a configuration of the lead 
guidance section 68. The lead guidance section 68 includes 
a display section 641 and a voice output section 642. The 
display section 641 includes a closing-lead-lamp 643 for 
leading a person to be imaged to be closer to the iris image 
pickup camera 100, distancing-lead-lamp 644 for leading the 
person to be distanced from the iris image pickup camera 100, 
and an excellence lamp 645 indicating that the distance to the 
iris is appropriate. 
[0153] 

The lead guidance section 68 operates to turn on the 
closing-lead-lamp 643, distancing-lead-lamp 644, and an 

excellence lamp 645 according to the closing-lead-signal, 
distancing-lead-signal, and lead-unnecessary-signal 

outputted from the object distance determination section 67. 
The lead guidance section 68 does not turn on any of lamps when 
it receives the indetermination signal from the object distance 
determination section 67. 
[0154] 
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Moreover, the lead guidance section 68 stores voice guide 
for leading a person to be imaged to be closer to the iris image 
pickup camera 100, voice guide for leading the person to be 
distanced from the iris image pickup camera ICQ, and voice guide 
indicating that a position of the iris is appropriate according 
to the closing-lead-signal, distancing-lead-signal, and 
lead-unnecessary-signal. The lead guidance section 68 has 
function to receive the closing-lead-signal, 
distancing-lead-signal, and lead-unnecessary-signal from the 
object distance determination section 67, and output voice 
guide according to them from the voice output section 642. The 
lead guidance section 68 does not output any voice guide when 
it receives the indetermination signal from the object distance 
determination section 67. 
[0155] 

Return to Fig. 16, and the switching control section 65 
has function that when the result of the focusing determination 
outputted from the focusing determination section 66 shows that 
the focusing level of the iris image is lower than the threshold 
value, it outputs a switching control signal for moving the 
shielding plates 14 and 15 according to the determination 
result . 
[0156] 

The iris database 63 stores an iris image of a registrant. 
The iris authentication processing section 62 operates to load 
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an iris image having a focusing level higher than the threshold 
value from the image capture 61 as image data for iris 
authentication and performs iris authentication according to 
the result of the focusing determination outputted from the 
focusing determination section 66. The iris authentication 
processing section 62 operates to output an authentication 
result to the authentication result output section 64. The 
iris authentication processing section 62 extracts an iris 
portion included in the image data, and compares it with the 
iris image stored in the iris database 63, thereby performs 
authentication of the iris . 
[0157] 

The authentication result output section 64 outputs an 
authentication result signal (authentication success signal 
or authentication failure signal) according to the 

authentication result outputted from the iris authentication 
processing section 62. When the iris authentication system 
7 is used, for example, for the in/out room management system, 
the authentication result signal is a control signal for 
unlocking or locking a door. When the iris authentication 
device 60 is added with an information device such as a monitor 
to notify the authentication result to a person to be 
authenticated, the authentication result signal is used for 
an information signal of the authentication result. 
[0158] 
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In the iris authentication system 7, the iris image 
pickup camera 100 and the iris authentication device 60 may- 
be integrally configured, or may be separately configured. 
When the two devices are separately configured, the iris 
authentication device 60 may be configured by installing 
software into a general-purpose computer. 
[0159] 

For the iris authentication system 7 configured as above, 
operation is described using Fig. 19. First, the shielding 
plates 14 is positioned in the withdrawal position and the 
shielding plate 15 is positioned in the shielding position by 
the switching section 16, and the iris image pickup camera 100 
is set in the first imaging mode (step S191) . The iris image 
pickup camera 100 takes an image of the iris in the first imaging 
mode, and image data are generated in the image processing 
section 13. 
[0160] 

Next, the image capture section 61 of the iris 

authentication device 60 loads the image data (first image 
data) of the iris image taken in the first imaging mode from 
the image processing section 13, and then outputs the data to 
the focusing determination section 66 (step S192). The 
focusing determination section 66 calculates a focusing level 
of the iris image, and thus performs focusing determination 
(step S193) . At that time, the focusing determination section 
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66 outputs the calculated focusing level to the object distance 
determination section 67, and outputs a result of the focusing 
determination to the object distance determination section 67 
and the iris authentication processing section 62. Then, the 
iris authentication processing section 62 determines whether 
the focusing level is higher than the threshold value as a 
result of the focusing determination in the focusing 
determination section 66, that is, whether the iris is within 
the focusing range in the first imaging mode or not is 
determined (step S194) , and when the focusing level is higher 
than the threshold value, that is, an iris image in focus is 
obtained in the first imaging mode (YES in step S194) , the iris 
authentication processing section 62 loads the first image data 
from the image capture section 61 and performs authentication 
processing (step S195) . 
[0161] 

When the focusing level is determined to be lower than 
the threshold value as a result of the focusing determination 
in the focusing determination section 66, that is, when the 
iris image in focus is not obtained in the first imaging mode 
(NO in step S194), the focusing determination section 66 
outputs the result to the switching control section 65. Then, 
the switching control section 65 outputs a switching control 
signal to the switching section 16 of the iris image pickup 
camera 100 according to the determination result. The 
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switching section 16 moves the shielding plates 14 and 15 
according to the switching control signal to switch the imaging 
mode of the iris image pickup camera 100 to the second imaging 
mode (step S196) . Then, the iris image pickup camera 100 takes 
an image of the iris in the second imaging mode, and then 
generates image data in the image processing section 13. At 
that time, the focusing level and the result of focusing 
determination are outputted from the focusing determination 
section 66 to the object distance determination section 67. 
[0162] 

The image capture section 61 loads the image data (second 
image data) of the iris image taken in the second imaging mode 
from the image processing section 13, and then outputs the data 
to the focusing determination section 66 (step S197) . The 
focusing determination section 66 calculates a focusing level 
of the iris image, and thus performs focusing determination 
(step S198) . At that time, the focusing determination section 
66 outputs the calculated focusing level to the object distance 
determination section 67, and outputs a result of the focusing 
determination to the object distance determination section 67 
and the iris authentication processing section 62. Then, the 
iris authentication processing section 62 determines whether 
the focusing level is higher than the threshold value as a 
result of the focusing determination in the focusing 
determination section 66, that is, whether the iris is within 
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the focusing range in the second imaging mode or not is 
determined (step S199) , and when the focusing level is higher 
than the threshold value, that is, an iris image in focus is 
obtained in the second imaging mode (YES in step S199), the 
iris authentication processing section 62 loads the image data 
from the image capture section 61 to perform authentication 
processing (step S195) . 
[0163] 

When both of the first image data and the second image 
data are lower than the threshold value, that is, the iris is 
not within the expanded focusing range (NO in step S199) , the 
object distance determination section 67 determines the 
distance to the iris (step S200), and determines whether the 
determined distance to the object is more distant than the most 
distant end of the expanded focusing range, or nearer than the 
nearest end of the expanded focusing range (step S201) . 
[0164] 

When the distance to the iris is nearer than the nearest 

end of the expanded focusing range (NO in step S201) , the object 
distance determination section 67 outputs the 
distancing-lead-signal to the lead guidance section 68 . Then, 
according to the distancing-lead-signal, the lead guidance 
section 68 turns on the distancing-lead-lamp 644, and outputs 
the voice guide from the voice output section 642 to the person 
to be imaged, the voice guide being for leading the person to 
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be distanced from the iris image pickup camera 100 (step S202) . 
[0165] 

When the distance to the iris is more distant than the 
most distant end of the expanded focusing range (YES in step 
S201), the object distance determination section 67 outputs 
the closing-lead-signal to the lead guidance section 68 . Then, 
according to the closing-lead-signal, the lead guidance 
section 68 turns on the closing-lead-lamp 643, and outputs the 
voice guide from the voice output section 642 to the person 
to be imaged, the voice guide being for leading the person to 
be closer to the iris image pickup camera 100 (step S203) . 
[0166] 

Following the step S202 or the step S203, whether 
predetermined limited time has passed from the beginning of 
processing is determined (step S204) . In the case that the 

limited time has still not passed (NO in step S204) , procedure 
is returned to the step S191, and in the case that the limited 
time has passed (YES in step S204) , processing is finished 
without performing the authentication processing. 
[0167] 

According to such an iris authentication system 7 of the 

seventh embodiment of the invention, since the distance to the 
object is determined based on the difference in focusing level 
between the iris images taken in respective first and second 
imaging modes having the different focusing level 
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characteristics, the person to be imaged is led to an 
appropriate position based on the determined distance, and 
consequently an iris image with a high focusing level can be 
obtained. 
[0168] 

Moreover, the iris image pickup camera 100 has the 
focusing ranges that are displaced from each other on the common 
light axis, and if the iris as the object is situated in one 
of the plurality of focusing ranges, the iris image in focus 
is obtained, therefore the iris image in focus is obtained in 
a wide range of the distance to the iris in a simple 
configuration without having the automatic focusing function. 
[0169] 

(Eighth Embodiment) 

Next, the iris authentication system 8 of an eighth 

embodiment of the invention is shown in Fig. 20. The iris 
authentication system 8 of the embodiment is a modification 
of the seventh embodiment, and the iris image pickup camera 
20 includes a rotational mirror 216 instead of the half mirror 
112 in the seventh embodiment. Since a configuration of an 
iris authentication device 60 is the same as in the seventh 
embodiment, description is omitted. 
[0170] 

The iris image pickup camera 20 further includes a 
spindle 27 to which the rotational mirror 216 is fixed and a 
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motor 28 for rotating the spindle 27. In the iris image pickup 
camera 20, a half mirror 211 and a lens group 215 configure 
a first branch optical system, and the half mirror 211, a mirror 
213, a mirror 214, the rotational mirror 216 and the lens group 
215 configure a second branch optical system. The rotational 
mirror 216 is provided near a junction of the first and second 
branch light axes. The rotational mirror 216 selectively 
activates the first or second branch light path by changing 
an angle by rotation. 
[0171] 

Fig. 20 shows a state where a first branch light path 
in the first branch optical system is activated by the 
rotational mirror 216. In this state, since the rotational 
mirror 216 is withdrawn in a position where the first branch 
light path is not shielded, light from the iris passes through 
the first branch light path, that is, it is transmitted through 
the half mirror 211 and the lens group 215, and then projected 
to an imaging element 22. Light that has traveled along the 
second branch light path is reflected in a direction different 
from a direction toward the lens group 215 by a reflective 
surface of the rotational mirror 216. Therefore, the light 
does not reach the imaging element 22 through the lens group 
215. 
[0172] 

Fig. 21 shows a state where the second branch light path 
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is activated. In this state, the light from the iris passes 
through the second branch light path, that is, it is reflected 
by the half mirror 211, mirror 213, and mirror 214, and then 
reflected on the reflective surface of the rotational mirror 
216 at the junction of the first and second branch light axes 
and thus injected into the lens group 215, and then projected 
to the imaging element 22. Light that has traveled along the 
first branch light path is shielded by a back face of the 
rotational mirror 216, and consequently not injected into the 
lens group 215. 
[0173] 

In this way, the rotational mirror 216 is rotated between 
an angle at which the first branch light path is activated 
(first light path activation angle) and an angle at which the 
second branch light path is activated (second light path 

activation angle) . When the rotational mirror 216 is at the 
first light path activation angle, the iris image pickup camera 
20 is in the first imaging mode, and when the rotational mirror 
216 is at the second light path activation angle, it is in the 
second imaging mode. Rotational operation of the rotational 
mirror 216 is performed by controlling a motor 28 by a switching 
section 26. The switching section 26 receives a switching 
control signal from the switching control section 65 of the 
iris authentication device 60, and controls the motor 28 
according to the switching control signal. 
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[0174] 

Again in the embodiment, the focusing level 
characteristics depending on the distance to the iris as the 
object are shifted between the first and second imaging modes, 
and the iris image pickup camera 20 has a plurality of imaging 
modes having the different focusing level characteristics 
depending on the distance to the iris. 
[0175] 

When the iris image pickup camera 20 is in the second 
imaging modes, that is, when the rotational mirror 216 is at 
the second light path activation angle as shown in Fig. 21, 
imaging may be performed multiple times by slightly changing 
an angle of the rotational mirror 216. Thus, vertically 
displaced ranges can be imaged, and consequently ranges where 
the iris can be imaged can be expanded in a vertical direction. 
[0176] 

The iris authentication system 8 configured as above 
operates similarly as in the seventh embodiment. However, 
setting of the first imaging mode in the step S191 and setting 
of the second imaging mode in the step S196 are performed by 
driving the motor 28 by the switching section 26. That is, 
the switching section 26 drives the motor 28 so that the 
rotational mirror 216 is set to be at the first light path 
activation angle, thereby the first imaging mode is set, or 
the switching section 26 drives the motor 28 so that the 
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rotational mirror 216 is set to be at the second light path 
activation angle, thereby the second imaging mode is set. 
[0177] 

According to such an iris authentication system 8 of the 
eighth embodiment of the invention, since the distance to the 
object is determined based on the difference in focusing level 
between the iris images taken in respective first and second 
imaging modes having the different focusing level 
characteristics, the person to be imaged is led to an 
appropriate position based on the determined distance, and 
consequently an iris image with a high focusing level can be 
obtained. 
[0178] 

Moreover, the iris image pickup camera 100 has the 
focusing ranges that are displaced from each other on the common 

light axis, and if the iris as the object is situated in one 
of the plurality of focusing ranges, the iris image in focus 
is obtained, therefore the iris image in focus is obtained in 
a wide range of the distance to the iris in a simple 
configuration without having the automatic focusing function. 
[0179] 

(Ninth Embodiment) 

Next, an iris authentication system 9 of a ninth 
embodiment of the invention is shown in Fig. 22. An iris image 
pickup camera 30 of the embodiment includes an imaging optical 
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system 31, a first imaging element 321, a second imaging element 
322, a first image processing section 331, and a second mage 
processing section 332. 
[0180] 

The imaging optical system 31 is configured by a half 
mirror 311, mirror 312, first lens group 313, and second lens 
group 314. The half mirrors 311 is disposed on an extension 
line of a light axis of the first lens group 313, and held in 
such a direction that part of injected light from an object 
side is reflected upward. The mirror 312 is disposed on an 
extension line of a light axis of the second lens group 314 
and in such a position above the half mirror 311, and held in 
such a direction that reflected light from the half mirror 311 
is reflected toward the second lens group 314. 
[0181] 

The half mirror 311, mirror 312, first lens groups 313 
and second lens groups 314 are disposed such that a distance 
between the half mirror 311 and the first lens group 313 is 
equal to a distance between the mirror 312 and the second lens 
group 314. The first lens group 313 is in the same 
configuration as in the second lens groups 314. 
[0182] 

The first imaging element 321 and the second imaging 
element 322 are solid-state imaging elements that perform 
photoelectric conversion of the projected iris images and thus 
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output electric signals. The first image processing section 
331 and the second image processing section 332 operates to 
perform processing such as A/D conversion of the electric 
signals outputted from the first imaging element 321 and the 
second imaging element 322 to generate image data, 
respectively . 
[0183] 

In the embodiment, the half mirror 311 and the first lens 
group 313 configure a first branch optical system, and the half 
mirror 311, mirror 312, and second lens group 314 configure 
a second branch optical system. A position of the half mirror 
311 is a branch point of light axes of the two branch optical 
systems. The imaging optical system 31 has a common light axis 
outside of the iris image pickup camera 30. 
[0184] 

The first branch optical system is configured such that 
light from an iris situated on the common light axis passes 
through a first branch light path to the first imaging element 
321 through the half mirror 311 and the first lens group 313. 
The second branch optical system is configured such that light 
from the iris situated on the common light axis passes through 
a second branch light path to the second imaging element 322 
through the half mirror 311, mirror 312 and the second lens 
group 314. When the first branch light path and the second 
branch light path are compared, the second branch light path 
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is longer than the first branch light path by a distance between 

the half mirror 311 and the mirror 312. 

[0185] 

The iris image pickup camera 30 has first and second 
imaging modes, and takes an iris image in each of the imaging 
modes, similarly as the seventh embodiment. That is, a state 
where the iris image is formed by the first imaging element 
321 in the first branch optical system is the first imaging 
mode, and a state where the iris image is formed by the second 
imaging element 322 in the second branch optical system is the 
second imaging mode. 
[0186] 

As above, in the imaging optical system 31 of the 
embodiment, since the first and second lens groups 313 and 314 
are in the same configuration, displacement between the 

focusing ranges 17 and 18 of the first and second branch light 
paths is equal to the difference in length between the first 
branch light path and the second branch light path in the 
imaging optical system 31 . In the embodiment , since a distance 
between the half mirror 311 and the first lens group 313 is 
equal to a distance between the mirror 312 and the second lens 
group 314 , the difference in length between the two branch light 
paths is essentially corresponding to the distance between the 
half mirror 311 and the mirror 312. 
[0187] 
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In the embodiment, the imaging optical system 31 is 
designed such that the difference in length between the two 
branch light paths is equal to depth of each of the focusing 
ranges 17 and 18, thereby the focusing range in the first 
imaging mode is adjacent to the focusing range in the second 
imaging mode without being overlapped, and an image is in focus 
in one of the imaging modes in all regions of the expanded 
focusing range. 
[0188] 

An iris authentication device 70 includes an image 
capture section 71, a focusing determination section 76, and 
a selector 77. The focusing determination section 76 is 
connected to both of the two image processing sections 331 and 
332 of the iris image pickup camera 30. The focusing 
determination section 76 operates to calculate a focusing level 
of image data outputted from each of the image processing 
sections 331 and 332, and thus to perform focusing 
determination. The focusing determination section 76 outputs 
the calculated focusing level and a result of the focusing 
determination to an object distance determination section 78. 
Moreover, the focusing determination section 76 operates to 
output the result of the focusing determination to the selector 
77 . 

[0189] 

The selector 77 is also connected to both of the two image 
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processing sections 331 and 332 of the iris image pickup camera 
30, and inputted with the image data from the image processing 
sections 331 and 332. The selector 77 operates to output image 
data in focus to the image capture section 71 according to the 
result of the focusing determination outputted from the 
focusing determination section 76. The image capture section 
71 operates to load the image data in focus selected by the 
selector 77 as image data for iris authentication, and to output 
the data to an iris authentication processing section 72. 
[0190] 

The iris authentication device 70 includes the object 
distance determination section 78, a lead guidance section 79, 
the iris authentication processing section 72, an iris database 
73, and an authentication result output section 74. Since 
configurations of them are the same as in the iris 
authentication device 60 in the seventh embodiment, 
description is omitted. 
[0191] 

For the iris authentication system 9 configured as above, 
operation is described using Fig. 23. First, the first and 
second image processing sections 331 and 332 output image data 
to the focusing determination section 76 respectively. Then, 
the focusing determination section 76 first calculates the 
focusing level of the image data (first image data) outputted 
from the image processing section 331, and performs focusing 
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determination (step S231) . Then, whether the focusing level 
is higher than a threshold value as a result of the focusing 
determination in the focusing determination section 76, that 
is, whether the iris is within the focusing range in the first 
imaging mode or not is determined (step S232), and when the 
image data outputted from the image processing section 331 has 
a focusing level equal to the threshold value or more (YES in 
step S232) , the section 76 outputs a determination result to 
the selector 77, the result indicating that the first image 
data are to be selected (step S233) . 
[0192] 

On the other hand, when the focusing level is lower than 
the threshold value in the focusing determination in the step 
S232, that is, when the iris image in focus is not obtained 
in imaging in the first imaging mode (NO in step S232) , the 

section 76 calculates a focusing level of the image data (second 
image data) outputted from the second image processing section 
332 (step S234) . Then, the focusing determination section 76 
performs focusing determination on the image data (step S235) , 
and when the focusing level is equal to the threshold value 
or more (YES in step S235) , the section 76 outputs a 
determination result to the selector 77, the result indicating 
that the image data are to be selected (step S236) . 
[0193] 

When the first image data are selected in the step S233, 
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or the second image data are selected in the step S236, the 
image capture section 71 loads the selected image data from 
the selector 77, and outputs the data to the iris authentication 
processing section 72 (step S242) . The iris authentication 
processing section 72 performs iris authentication using the 
image data outputted from the image capture section 71 (step 
S243) , and then processing is finished. 
[0194] 

When the focusing level of the second image data is also 
lower than the threshold value like the first image data, that 
is, the iris is not within the expanded focusing range (NO in 
the step S235) , the object distance determination section 78 
determines the distance to the iris (step S237) , and determines 
whether the determined distance to the object is more distant 
than the most distant end of the expanded focusing range, or 
nearer than the nearest end of the expanded focusing range (step 
S238) . 
[0195] 

When the distance to the object is nearer than the nearest 
end of the expanded focusing range (NO in step S238) , the object 
distance determination section 78 outputs a 
distancing-lead-signal to the lead guidance section 79. Then, 
according to the distancing-lead-signal, the lead guidance 
section 79 turns on a distancing-lead-lamp, and outputs voice 
guide from a voice output section to a person to be imaged. 
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the voice guide being for leading the person to be distanced 

from the iris image pickup camera 30 (step S239) . 

[0196] 

When the distance to the object is more distant than the 
most distant end of the expanded focusing range (YES in step 
S238), the object distance determination section 78 outputs 
a closing-lead-signal to the lead guidance section 79. Then, 
according to the closing-lead-signal, the lead guidance 
section 79 turns on a closing-lead-lamp, and outputs voice 
guide from the voice output section to the person to be imaged, 
the voice guide being for leading the person so as to be closer 
to the iris image pickup camera 30 (step S240) . 
[0197] 

Following the step S239 or the step S240, whether 
predetermined limited time has passed from the beginning of 

processing is determined (step S241). In the case that the 
limited time has still not passed (NO in step S241) , procedure 
is returned to the step S231, and in the case that the limited 
time has passed (YES in step S241) , the processing is finished 
without performing authentication processing. 
[0198] 

According to such an iris image pickup camera 30 of the 
ninth embodiment of the invention, similarly as in the seventh 
embodiment, since the distance to the object is determined 
based on the difference in focusing level between the iris 
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images taken in respective first and second imaging modes 
having the different focusing level characteristics, the 
person to be imaged can be led to an appropriate position based 
on the determined distance. 
[0199] 

Furthermore, similarly as in the seventh embodiment, the 
iris image pickup camera 30 has the focusing ranges that are 
displaced from each other on the common light axis, and if the 
iris as the object is situated in one of the first and second 
focusing ranges, the iris image in focus is obtained, therefore 
the iris image in focus is obtained in a wide range of the 
distance to the iris in a simple configuration without having 
the automatic focusing function. 
[0200] 

(Tenth Embodiment) 

Next, the iris authentication system 10 of a tenth 
embodiment of the invention is shown in Fig. 24. The iris 
authentication system 10 of the embodiment is a modification 
of the ninth embodiment, wherein a configuration of an imaging 
optical system 41 of an iris authentication camera 40 is 
different from that in the ninth embodiment. Since a 
configuration of an iris authentication device 70 is the same 
as in the ninth embodiment, description is omitted. 
[0201] 

The imaging optical system 41 in the embodiment is 
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configured by a half mirror 411, first lens group 412, and 
second lens group 413. The first lens group 412 and the second 
lens group 413 are disposed in a manner that light axes of them 
are perpendicular to each other. The half mirror 411 is 
disposed at an intersection of the two light axes, and held 
in such a direction that part of injected light is reflected 
from an object side to the second lens group 413. The first 
lens group 412 and the second lens group 413 are disposed such 
that respective distances to the intersection of the light axes, 
or respective distances to the half mirror 411 are the same. 
[0202] 

In the first lens group 412 and the second lens group 
413, distances to respective focusing ranges 17 and 18 are 
different, and the focusing range 17 of the first lens group 
412 is more distant than the focusing range 18 of the second 
lens group 413. Moreover, the two lens groups 412 and 413 are 
different in depth of the focusing ranges, and the focusing 
range 17 of the first lens group 412 is shallower than the 
focusing range 18 of the second lens group 413. Furthermore, 
the two lens groups 412 and 413 are different in magnification, 
and similarly as in the seventh embodiment, they are set such 
that an iris image of an iris situated in the most distant end 
of each of the focusing ranges is larger than a minimum size 
at which the iris can be authenticated, and an iris image of 
an iris situated in the nearest end of each of the focusing 
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ranges is smaller than a maximum size that can be handled in 

the iris authentication processing. 

[0203] 

In the iris image pickup camera 40, the half mirror 411 
and the first lens group 412 configure a first branch optical 
system, and the half mirror 411 and the second lens group 413 
configure a second branch optical system. A position of the 
half mirror 411 is a branch point of light axes of the two branch 
optical systems. The imaging optical system 41 has a common 
light axis outside of the iris image pickup camera 40. 
[0204] 

The first imaging element 421 and the second imaging 
element 422 are solid-state imaging elements that perform 
photoelectric conversion of the projected iris images and thus 
output electric signals. The first image processing section 
431 and the second image processing section 432 operate to 
perform processing such as A/D conversion of the electric 
signals outputted from the first imaging element 421 and the 
second imaging element 422 to generate image data, 
respectively . 
[0205] 

The iris image pickup camera 40 has first and second 
imaging modes, and takes an image of an iris as an object in 
each of the imaging modes , similarly as in the ninth embodiment . 
That is, a state where the iris image is formed by the first 
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imaging element 421 in the first branch optical system is the 
first imaging mode, and a state where the iris image is formed 
by the second imaging element 422 in the second branch optical 
system is the second imaging mode. Again in the embodiment, 
the focusing level characteristics depending on the distance 
to the iris as the object are shifted between the first imaging 
mode and the second imaging mode, and the iris image pickup 
camera 40 has a plurality of imaging modes having the different 
focusing level characteristics depending on the distance to 
the iris. 
[0206] 

The iris authentication system 10 configured as above 
operates similarly as in the ninth embodiment. 
[0207] 

According to such an iris image pickup camera 40 of the 

tenth embodiment of the invention, similarly as in the seventh 
embodiment, since the distance to the object is determined 
based on the difference in focusing level between the iris 
images taken in respective first and second imaging modes 
having the different focusing level characteristics, the 
person to be imaged can be led to an appropriate position based 
on the determined distance. 
[0208] 

Furthermore, similarly as in the seventh embodiment, the 
iris image pickup camera 40 has the focusing ranges that are 
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displaced from each other on the common light axis, and if the 
iris as the object is situated in one of the first and second 
focusing ranges, the iris image in focus is obtained, therefore 
the iris image in focus is obtained in a wide range of the 
distance to the iris in a simple configuration without having 
the automatic focusing function. 
[0209] 

(Eleventh Embodiment) 

Next, an iris authentication system 11 of an eleventh 
embodiment of the invention is shown in Fig. 25. An iris image 
pickup camera 50 of the embodiment includes an imaging optical 
system 51, imaging element 52, and image processing section 
53. 

[0210] 

The imaging optical system 51 is configured by a half 

mirror 511, mirrors 512 to 516, a first lens group 517, and 
a second lens group 518 . The first lens group 517 and the second 
lens group 518 are in the same configuration, which are groups 
of fixed focal length lenses the focusing ranges of which are 
in the same depth. The first and second lens groups 517 and 
518 are disposed such that light axes of them are parallel to 
each other. 
[0211] 

The half mirror 511 is disposed on an extension line of 
a light axis of the first lens group 517, and held in such a 
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direction that part of injected light from an object side is 
reflected downward. The imaging element 52 is disposed such 
that an iris image formed by the first lens group 517 is 
projected to an upper region of the element. The mirrors 512 
to 514 are disposed such that light reflected by the half mirror 
511 is reflected in turn by the mirrors and thus injected into 
the second lens group 518 . The mirrors 515 and 516 are disposed 
such that light transmitted through the second lens group 518 
is reflected in turn by the mirrors and thus projected to a 
lower region of the imaging element 52 in a direction parallel 
to the light axis of the second lens group 518. 
[0212] 

The imaging element 52 is configured by a solid-state 
imaging element that converts an iris image projected on an 
image surface into an electric signal. The image processing 

section 53 operate to perform processing such as A/D conversion 
to the electric signal outputted from the imaging element 52 
to generate image data of the iris image. 
[0213] 

In the embodiment, the half mirror 511 and the first lens 
group 517 configure a first branch optical system, and the half 
mirror 511, mirrors 512 to 516, and second lens group 518 
configure a second branch optical system. A position of the 
half mirror 511 is a branch point of light axes of the two branch 
optical systems. The imaging optical system 51 has a common 
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light axis outside of the iris image pickup camera 50. 
[0214] 

The first branch optical system is configured such that 
light from an iris situated on the common light axis passes 
through a first branch light path to the upper region of the 
imaging element 52 through the half mirror 511 and the first 
lens group 517 . The second branch optical system is configured 
such that light from the iris situated on the common light axis 
passes through a second branch light path to the lower region 
of the imaging element 52 through the half mirror 311, mirrors 
512 to 514, second lens group 518, and mirrors 515 and 516. 
[0215] 

The iris image pickup camera 50 configured as above has 
first and second imaging modes, and takes an image of an iris 
as an object in each of the imaging modes. That is, a state 

where the light from the iris passes through the first branch 
light path, and the iris image is formed by the imaging element 
52 is the first imaging mode, and a state where the light from 
the iris passes through the second branch light path, and the 
iris image is formed by the imaging element 52 is the second 
imaging mode. In the embodiment, the iris image pickup camera 
50 takes the iris image in the first imaging mode and takes 
the iris image in the second imaging mode at the same time. 
[0216] 

In the embodiment, the imaging optical system 51 is 
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designed such that the difference in length between the first 
and second branch light paths is equal to depth of each of the 
focusing ranges of the first and second branch optical systems, 
thereby the focusing range in the first imaging mode is adjacent 
to the focusing range in the second imaging mode without being 
overlapped, and an image is in focus in one of imaging modes 
in all regions of the expanded focusing range. 
[0217] 

Image data acquired by the iris image pickup camera 50 
in the embodiment is the same as the image data acquired by 
the iris image pickup camera 50 in the fifth embodiment. Fig. 
13 is a view showing image data acquired by the iris image pickup 
camera 50 in the embodiment. In the embodiment, since the 
expanded focusing range is formed in a manner that the focusing 
range 17 of the first imaging mode and the focusing range 18 
of the second imaging mode are continued as described above, 
when the iris as the object is within the expanded focusing 
range, an iris image in focus is obtained in one of the upper 
and lower regions of image data, and an iris image in defocus 
is obtained in the other region. In an example of Fig. 13, 
image data are shown, which are obtained when the iris as the 
object is situated within the focusing range 17 of the first 
imaging mode. The upper region of the image data is the iris 
image in focus, and the lower region is the iris image in 
defocus . 
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[0218] 

Return to Fig. 25, and the iris authentication device 
90 of the embodiment includes an upper focusing level 
determination section 961, a lower focusing level 
determination section 962, a combined determination section 
95, and a clipping section 89. The upper focusing level 
determination section 961 and the lower focusing level 
determination section 962 operate to calculate focusing levels 
of images in upper and lower regions of the image data (upper 
iris image and lower iris image) by using image data outputted 
from an image capture section 91, and output them to an object 
distance determination section 97, respectively. Furthermore, 
each of the upper focusing level determination section 961 and 
the lower focusing level determination section 962 operates 
to perform focusing determination by comparing the calculated 
focusing level with a previously stored threshold value, and 
then output a result of the focusing level determination to 
the object distance determination section 97 and the combined 
determination section 95. 
[0219] 

The object distance determination section 97 has 

function to receive the focusing levels of the upper iris image 
and the lower iris image from the upper focusing level 
determination section 961 and the lower focusing level 
determination section 962, and to determine a distance to the 
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iris as the object based on the difference in focusing level 
between them. Furthermore, the object distance determination 
section 97 operates to output the closing-lead-signal, 
distancing-lead-signal, lead-unnecessary-signal, or 

indetermination signal to a lead guidance section 99 according 
to the determination result of the distance to the iris and 
the results of the focusing determination outputted from the 
upper focusing level determination section 961 and the lower 
focusing level determination section 962. The iris for 
outputting the signals is the same as in the seventh embodiment. 
When the object distance determination section 97 outputs the 
lead-unnecessary-signal to the lead guidance section 99, it 
also outputs the lead-unnecessary-signal to the combined 
determination section 95. 
[0220] 

The combined determination section 95 has function that 
when it receives the lead-unnecessary-signal from the object 
distance determination section 97, according to this, it loads 
the results of the focusing determination from the upper 
focusing level determination section 961 and the lower focusing 
level determination section 962. In addition, the combined 
determination section 95 has function that when the upper 
region is determined to be the image in focus in the upper 
focusing level determination section 961, it outputs an upper 
clipping signal to the clipping section 98, and when the lower 
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region is determined to be the image in focus in the lower 
focusing level determination section 962, it outputs a lower 
clipping signal to the clipping section 98 . In the iris image 
pickup camera 50 in the embodiment, since the focusing range 
17 in the first imaging mode and the focusing range 18 in the 
second imaging mode are adjacent to each other without being 
overlapped as described before, images in focus are not 
obtained in both of the upper and lower regions. 
[0221] 

The clipping section 98 operates to clip an iris image 
from the upper or lower region of the image data outputted from 
the image capture section 91 upon receiving the upper clipping 
signal or the lower clipping signal, and to output it to the 
iris authentication processing section 92 as image data for 
iris authentication. 
[0222] 

The iris authentication device 90 includes the lead 
guidance section 99, the iris authentication processing 
section 92, an iris database 93, and an authentication result 
output section 94 . Since configurations of them are the same 
as in the iris authentication device 60 in the seventh 
embodiment, description is omitted. 
[0223] 

For an iris image pickup camera 50 configured as above, 
operation is described using Fig . 26. First, the image capture 
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section 91 loads image data from the image processing section 
53, and outputs the data to the upper focusing determination 
section 961 and the lower focusing determination section 962 
(step S261) . Then, the upper focusing determination section 
961 and the lower focusing determination section 962 calculate 
focusing levels of an upper iris image and a lower iris image 
of the image data, and furthermore perform focusing 
determination, and then output the calculated focusing levels 
and results of the focusing determination to the object 
distance determination section 97 (step S262) . 
[0224] 

The object distance determination section 97 determines 
a distance to an iris based on the difference between focusing 
levels of the upper iris image and the lower iris image 
calculated by the upper focusing determination section 961 and 

the lower focusing determination section 962 (step S263) , and 
determines whether the distance to the iris is within the 
expanded focusing range or not based on the results of the 
focusing determination of the upper focusing determination 
section 961 and the lower focusing determination section 962 
(step S264) . When the iris is not within the expanded focusing 
range (NO in step S264), the object distance determination 
section 97 determines whether the distance to the iris is more 
distant than the most distant end of the expanded focusing range, 
or nearer than the nearest end of the expanded focusing range 
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(step S265) . 
[0225] 

In the case that the distance to the iris is nearer than 
the nearest end of the expanded focusing range (NO in step S265) , 
the object distance determination section 97 outputs a 
distancing-lead-signal to the lead guidance section 99 . Then, 
the lead guidance section 99 turns on a distancing-lead-lamp 
according to the distancing-lead-signal, and outputs voice 
guide from a voice output section to a person to be imaged, 
the voice guide being for leading the person to be distanced 
from the iris image pickup camera 50 (step S266) . 
[0226] 

In the case that the distance to the iris is more distant 
than the most distant end of the expanded focusing range (YES 
in step S265), the object distance determination section 97 

outputs a closing-lead-signal to the lead guidance section 99. 
Then, the lead guidance section 99 turns on a closing-lead-lamp 
according to the closing-lead-signal, and outputs voice guide 
from the voice output section to the person to be imaged, the 
voice guide being for leading the person so as to be closer 
to the iris image pickup camera 50 (step S267) . 
[0227] 

Following the step S266 and the step S227, whether 
predetermined limited time has passed from the beginning of 
processing is determined (step S268) . When the limited time 
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has still not passed (NO in step S268) , procedure is returned 
to the step S261, and the image data acquired by the iris image 
pickup camera 50 is loaded again. Then, whether the iris is 
within the expanded focusing range or not is determined in the 
step S264 via calculation of the focusing level in the step 
S262 and determination of the object distance in the step S263. 
When the person to be imaged is moved according to the lead 
in the step S266 or the step S267, the iris of the person enters 
the expanded focusing range. 
[0228] 

When the iris is determined to be within the expanded 
focusing range (YES in step S264) , authentication processing 
is performed using the combined determination section 95, 
clipping section 98, iris authentication processing section 
92, and iris database 93, and then an authentication result 
signal is outputted from the authentication result output 
section 94 (step S269) , and then processing is finished. When 
the limited time has passed while the iris is not determined 
to be within the expanded focusing range (YES in step S268) , 
the processing is finished without performing the 
authentication processing. 
[0229] 

While a configuration where the first and second branch 
optical systems have the first and second lens groups 517 and 
518 respectively, and images formed by the two lens groups are 
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projected to the imaging element 52 was used in the above 
example, the invention is not limited to this. That is, a 
configuration may be used, in which the first and second branch 
optical systems have a common lens group, and light transmitted 
through the half mirror 511 is injected into an upper region 
of the common lens group, and light which is reflected by the 
half mirror 511 and then reflected by the mirrors 512 to 514 
is injected into a lower region of the common lens group. If 
the depth of field of the common lens group is sufficiently 
large, in the imaging element provided behind the common lens 
group, an iris image formed through the first branch light path 
is projected to the upper region, and an iris image formed 
through the second branch light path is projected to the lower 
region, as shown in Fig. 13. 
[0230] 

According to such an iris image pickup camera 50 of the 
eleventh embodiment of the invention, similarly as in the 
seventh embodiment, since the distance to the object is 
determined based on the difference in focusing level between 
the iris images taken in respective first and second imaging 
modes having the different focusing level characteristics, a 
person to be imaged can be led to an appropriate position based 
on the determined distance. 
[0231] 

Furthermore, similarly as in the seventh embodiment, the 
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iris image pickup camera 50 has the focusing ranges that are 
displaced from each other on the common light axis, and if the 
iris as the object is situated in one of the first and second 
focusing ranges, the iris image in focus is obtained, therefore 
the iris image in focus is obtained in a wide range of the 
distance to the iris in a simple configuration without having 
the automatic focusing function. 
[0232] 

While an example where the iris image pickup camera has 
two, first and second imaging modes has been described in the 
above description, the iris image pickup camera may have three 
or more imaging modes. 
[0233] 

Moreover, while an example where the camera of the 
invention is a camera for taking an image of an iris of a person 

for iris authentication has been described, the camera of the 
invention is not limited to this, the camera may be a typical 
one used for objects which are not particularly limited. 
[0234] 

Furthermore, while an example has been described in the 
description, wherein the focusing level characteristics of the 
first and second modes are shifted in a degree of depth of each 
of the focusing ranges, and the focusing range of the first 
imaging mode is adjacent to the focusing range of the second 
imaging mode, the invention is not limited to this. That is. 
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as long as focusing level characteristics depending on a 
distance to an object are different for each of a plurality 
of imaging modes, focusing levels of images taken in the imaging 
modes are different, and when difference between the focusing 
levels is used, the distance to the object can be determined 
as described before. Therefore, even if the focusing range 
of the first imaging mode is not adjacent to the focusing range 
of the second imaging mode, the distance to the object can be 
determined . 

Industrial Applicability 
[0235] 

As described hereinbefore, the imaging optical system 
has focusing ranges displaced from one another on the common 
axis, and when the iris as the object is situated in one of 
the plurality of focusing ranges, the iris image in focus is 

obtained, therefore the iris image pickup camera of the 
invention has an advantage that an iris image in focus in a 
wide range of the distance to the iris is promptly obtained 
in a simple configuration without having an automatic zoom 
function or an automatic focusing function, which is useful 
for an iris image pickup camera or the like for use in the in/out 
room management system and the like. 
[0236] 

Moreover, since the camera according to the invention 
determines the distance to the object based on the difference 
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in focusing level between the object images taken in respective 
multiple imaging modes having different focusing level 
characteristics, it has an advantage that it can take an image 
with a high focusing level using the determined distance, which 
is useful for an iris image pickup camera for taking an image 
of an iris for iris authentication. 
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